GENERAL SURVEY OF ROCKET MOTOR DEVELOPMENT IN GERMANY ,

Lo Introduot;gg,.
(A) B8tatement of Activities,

The 1iquid propellant rocket motor development in
Germany had been carried on by individual exporimentors
(1.6. Dr. Oberth) and technical groups until 1933 when
the German Army became interested and set up. & special

. department headed by Dr, Ing. N. C. Dormberger for the
development of rockets for weapons of war, This Oorgan-~
‘ization originating at the Rocket Experimental Station
in Berlin carried on 1ts work through the medium of many
§overnmenta1 institutes and universities until 1936, when

t was decided to set up an establishment for rocket de-
velopment at Peenemunde, on the fsland of Usedom, which'
would be the clearing house for all rocket ressarch and
jtesting in Germany., The group originally called Heere- |

“_gversuchsanstalt Pecnemunge (HVP), later was called Hy~Hac

- mat Artillery Park (HAP), and was divided into two 5680~ "
tions, “Eﬁstx for test beds and menufacturing facilitiea,
.under the direction of the Army; and "West", to handle -
flight testing of rooket missiles, JATO and rocket air-"
craft under the direoction of the German Air Forece., A .
specinl sectlon of this establishment was formed, call:
~ed the Elektromechanische Werke (EMW), whose primary i
purpose was to develop and manufacture the V-2 ground-
to-ground rocket, C-2 or.Wasserfall, an anti-airoraft. . -
rogket, and the Taifun, 8 non-controlled missile. Agw . *
coptance test of all missiles and rocket aircraft wasg . °.
~done at Peenemunde although most of the power plant :
testing was done by the individual companies or insti-
tutions nssigned to the problem, I

Toward the end of the conflict, part o the EMW
section moved to the Mittelwerke at Nordhsusen to,con~
tinue production of the V-2, Wasserfall and Taifun.

In 1936, Prof, Helmith Walter sot up his own come
pany and was assigned the task of developing a power °
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LIST OF RESEARCH INSTITUTES! AND OMPANIES

ENGAGED IN RO CKET DEVELQPMENT,

1. Aerodynamische Versuchsanstalt Gosttingen (AVA)
(Aerodymanic Research Institute)
Aerodynamics, Theory of; Wind tunnel testing.

2, Deutsche Versuchsanstalt fur Luftfahrtforscrung (DVL)
Berlin- Alderhof
(German Institute for Aircraft Ressarch)
Asrodynamics and Flight Characteristics,

3. Iuftfahrt Forschungsanstalt (LFA), Brunswick
(Hermann Goering Afrcraft Institute)
Puels and Jets. Drs. Otto Lutz and Johannes
Winkler., Dr. Braun on Feuerlillie, Aerody-
namics and Windtunnel testing; rocket fuel
and combustion chamber design,

4., Deutsche Versuchsanstalt fur Kraftfahrzeuge und
Fahrzeuge Motoren, Beriin-Dresden (DVK):
(The Automobile Institute)
Drs. Beck and Conred; A Technische Hochschule,
Investigation of rocket power plancs and va-
rious fuel aystems,

5. Deutsche Forschungsenstalt fur Segelflug (DFS)
Adinring
(German Research Institute fa Gliders)
Investigatad ramjets and flying wings.
Dr. Lippisch 2lso headed an inscvitute of
similar type Iin Viennsa.

B Luftfahrtforscnungsanstalt Mainicn (LVPW).
Under ths direction of Dr. Lucz or the LFA,
This organization was comparitively new and
was sstablished for the purpose of concen-
trating on guided rocket missiles end ramjets.

.
* The Institutes are subordinates or tne German Gov't,
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List of Research Institutes (cont'd)

7. Heeresversuchsanstalt - Psenemunde (HVE-RAP)
Established cn the island of Usedom on the Baltic Sea.
Was later moved to Hartz Mountain area, then to
Kochel and other sections in Southern Germany.
Developed rockets V-2, Wasserfall and Taifum under
section called Hlektromechanische Werke (ENW).
Windtunnel research on rocket powered missiles.

8. Helmuth Walter - Kiel (HWK,, Headquarters Kiel;
Plants at Lauban and Beerburg.
Development of rocket and turbine power plants
using H202 for Me-163, U-Boats, Torpedoss.
Prof. Walter - Dr. Schmidt.

9. Baveriam Motor Works (BMW) DIr. Brueckmann
Berlin-Spandau - Manufacturing
Allach ~ Fuels and Testing
Bruckmuehl - kanufacturing
" Development of spontaneous fuels Salbei and
Tonka and rocket and turbine power plants for
¥~4, Hs-117, Schmetterling, Me-262, ATO, Me-=16J.

10. Wilkelm Schmidding ~ Bodenbach-Reichenberg. \
Manufacture of solid propellant motors. ‘
Al'so developed monopropellant "Myrol®.:

11. Rheinmetall~Borsig. '
Berlin-Tegdl - Manufacturing
Unterluss - Testing
dork on one of the best solid propellant unita.
Developed the controlled missile "Rhei ntochter®.

12. Messerschmidt AG.

Regensburg - Production of Mo-163 units.
Oberammergau - Ressarch on Enzian Missiles.
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1ist of Research Institutes (cont'd)

13.

14,
15.

16.
17,
i8.
19,

20.

21,

23,

Heinkel Aircraft Company - Jenbach and Stuttgart,
Manufacturers of aircraft engines, jet engines.
Parts production for Me-163 power plant for HWK.

Henschel Flugzeugwerke - Berlin - Dr. Wagner.
Developed and manufactured Hs missile series.

Gerhardt Fleseler Werke - Kassel.
Final development and menufacture of V-l.

Argus Motoren Werke -~ Berlin and Reineckendorf.
Development and menufacture of V-1 motor
originally invented by Schmidt.

Westfaehlische~Anhaltische Sprenngstoff AG, (WASAG)
Rhelnsdorf on Elbe
Solid propellants and gunpowder.

Dynamit AG - Koeln-Troisdorf,
Warheads, solld propellants and coal fuel in-
serts for ramjets.

Buessing -Brunswick,
Research work on injection of N0 (nitrous
oxide) in Schmidt-Argus Rohr fu8l. :

Dipl. Ing. Friedrich Baron Doblhoff - Zell am See.
Development of jet helicopter using air blower,

Focke-Wulff - Ochsenhausen, near Ulm.
Hellcopterd and autogiros, Were designing a
ramjet helicopter,

Hermann-Goering Steelworks - Heerte .
Ramjets and ammonlum nitrate monopropellants,

Wolff and Company.
Solild propellant ATO units.

There were numerous other firms with small rocket

development groups. However, thelr work was usually sim-~
ilar to or subcontracted from those listed above.
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2. Puels,
{a) Rocket Fual Development and Test Equipment.

There were four basie liquid fuel systems used in the
German rocket development. These were generally lkmown
a8 the Hypergol, Katergol, Monergol and ncn-spontanscus
bi-fuel systems. The nonm-hypergolen bi-fuel system such
as liquid oxygen and hydrocarbons, preferably wethanol,
gave the best efficiency and was considered the simplesat and
easieset to handle. Hydrogen peroxide with a permanganate
catalyst or nitrous oxide with a cobalt catalyst were put into
the Katergol class. W®ith the addition of B-staff or hydrazin
hydrate and M=stoff or methanol, hydrogen p=roxide would be
considered alsc in the spontanecus or Hypergolen group. With
the addition of the hydrocarbon, an efficiency increase of 100%
waa noted. Nitriec acid mixed with such chemical compounds
a8 aniline, triethylamine and m=xylidines, was alsc in the
liypergolen class. Tse Mon:rgol or monopropellant system forms.
the fourth group and closely resembles the Katergolen system.
DEGY, a liquid used in the manufacture of the sold propellants,
tegether with Myrcl or methyl nitrate fall into tnis groun.
M. tro-metnane apparently had not been ccnsidered seriously by
‘1e Germans., '

Solid propellants such as diglycol and the castable powder
Geissling were used for ATO, but s&ince they are in a category
of treir own, they will not be considered in t.e liquid systeus.

Oxygen gas burned with hydrocarbons such as methanol, gasoline,
or oil was investigated as well as the use of MNitrous oxide as
an cxygen carrier. JSome of the highest efficiencies were effected
from the combustion of these fuels, but none were used extensively
in operations, the general trend being toward the Eypergolen systiam
of nitric acid a8 the oxygen carrier because ¢f the availibility of
both the acid and t:e nydrocarbons,
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Fusls (a)({dont'd)

The Peenermunds group was primarily intereasted in
Liquid Oxygen development. for use with the A-4 pro-
Jectiles, and set up their own plant for its manufac~
ture.,

It was caleulated that a specific Impulse of 210
seconds or an exhaust velocity of 6720 feet/second could
be attained with a water-alcohol mixture. On the test
stand, however, they were able to reach a specific Im=-
pulse of 220 seconds-or an exhaust velocity of 7000
feet/second., FPor practical purposes it was found nec-
essary to operate at a reduced efficiency of 197 seconds
or a velocity of 6300 feet/second because of cooling dif-
ficultles, and differences in gas sxpansion between sea
level and high altitudes, The nozzlse design also had
to be compromised so it was built for en exhaust pres~
gure of 0.85 atm., ahsolute, With the exception of some
highly experimental test work using gaseous oxygen and
gasoline fuels, producing velocities of 8000 feet/sscond,
the liquid oxygen power plants have produced consistently
the highest efficiencies with the greatest degree of safe-

ty.

Auro: or hydrogen peroxide as & racket propellant was
developed by the Elektrochemische Werke in Munioh and was
sponsored by Professor Helmth Welter who worked for the
Armament Division of the German Government between 1930
and 1938, In late 1938 he established his own company
known as the Helmuth Walter Kiel (HWK). Here he perfecta-
ed this process nol only for alrcraft end assisted tzke-
off devices, but also for use in U-bost turbine drives
and torpedoes,

Hydrogen peroxide of 80% concentration and stabil-
1zed with phosphoric acid or oxyquinoline was known elso
a8 Aurel, Renal, Oxolin, Permalin, Subsidol, Neutrolin,
Geprol and Ingolin, Some of these names were given the
substance by Walter for his children. HoOo was catulyzed”
by sodium permanganate (Z-stoff-N) or calecium permangan-
ate (Z-stoff-C)}, Z-stoff-N for worm climetas, and Z-stoff-
C for cool areas, This mix producecd approximately 37,6%



Fuels {a; ([cont'd}

free oxygen and 52.4% d20 in the form of stieam at 50 C.
In order to produce c¢clean steam, free from manganese di=-
oxide particles whica would be harmful to turbine blading,
it was found necessary to use solid catalysts. Th se cat-
alysts were in t e form of pellets impregnated with EnO2
or porcelain pebbles with a thin covering of in02 and
KCr04 (Potassium chromate), The second solid catalyst
wentioned was called MP-14 and was used in the Me-1€3 pow-
er plant, and since the T-stoff was sizply poured over the
peobles, this process could be repeated several times.

In the early stages of development, the cold motar
method was used for both the ATO units and the Me-163-4
Fower plant, as well as for rocket missiles. However,
the efficiency was very low, the specific impulse being
about 103 seconds or 3300 feet/second exhaust velocity.
Therefore it was decided to introduce a hydrocarbon and
hydrozin nydrate (acting as a catalyzer in place of the
Z-3toff) in order utilise the free oxygen in tne H202
reaction process. This gombustion cycle brought the jet
velocity up to 5800 feet/second with peaks as high as
6300 feet/second. With tre increased combustion temper-
eture it was found necessary to use regemerative type
cocling of the nozzle and combustion chamber, a&s well as to
introduce water into the C-stoff., The fuel mixture
used in latsr models of the Me-163 consisted of 57% Moth-
anol plus 307 nydrazon hydrste plus 13% water plus some
adéitional catalyst.

There were th.ec grades of hydrogen peroxide all
abcout 80% concentration but with varying abounts of sta-
bilizer depending on the degree of safety needed for
harndling and operating. TN-stoff was the standard grade
and used gererally in connection with roeket motor
work. TS-stoff was processed mors carsefully, since it
was to e used for U-boat turbines, birt had about the
same factor of ateabilization as TNestoff. The TS-stoff
was lightly stabilized and generally used for torpedo
UnNl S.

Walter built two typeé of jet assisted takeoff pow-

—
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Fuels (cont'd)

er plants (RI-203 and RI-209) using hydrogen peroxide
and gasoline as the primary propellants with a specifioc
impulse of 1156 to 185 seconds. To obtain gocd ignition,
B-stoff was injected into the combustion chamber ahead
of the other fuels, As soon as the combustion cycle was
complete, B-stoff was shut off and Z-stoff catalyst was
allgwgd to continue feeding throughout the combustion
period,

A tremendous amount of research and development
work was done In Germany on the use of nitric acld or
Salbel as an oxygen carrier with fuels which reaocted
spontaneocusly. ' It is believed that this vast amount
of effort was prompted by the desire to find a fuel
system which would be logistically simple and use fuels
which could be produced synthetically, without danger
to critical materinls.

" The Tonkes and Visols were the most important of
these fuels and were comprised of amine and vinyl ocom-
pounds.

The Tonkns were experimented with by the Bavarlan
Motor Works in Allach under the direction of their chisf
chemist, Dr, H, Hemesath. About 3000 combinations and
mixtures were tried, the primary aim being to produce a
fuel spontaneous with HNO-, with = good viscosity-tem-
perature characteristio, §or use as an igniting chemi-
eal in thelr Me-163 power plant. It was found after
numerous tests with this substance and gasoline that
the Tonka was a good fuel base in itself,

The best Tonka developed, number 250, was composed
of 50% by welght of (CoHg)zN, tristhylamine plus 50% by
welght of commercial xyl?dines. The correct tempsrature-
viscosity relationship could be held down to -400C, the
vliscosity increasing rapidly below this tempernture. It
1s interesting to note from their test work that the acid,
not the Tonka, became critical at high temperatures caus-
ing vapor locks at 70°C, The theoretical mixture ratio
was about 4.6 to 1 for complete okidation, but the best
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Fuels (continued)

1

operational range occurred at 4.2 to 1 with a slight excess
of fuel. This ratioc produced a specific impulse of 175

to 180 seconds or an exnaust velocity of aprroximately

5700 feet/second. In the development of these mix-

tures, it was necessary to hold the igniticn delay down

to 0.03-0.04 seconds since 0.06 seconds would cause vio-
lent detonation. These dslays vere accirately chescxed
with a coupect photo-eleciric comparison devics which

wag situated sc 2s tc meke Tlame~Tront cougparisors,

Cther ezperlmcnta” Tonkas were cauposed of c.m-
pounds such as xylidirss, aniliness, cptols, ethyl and
metnyl anilines with various mixtures of hydrocarbons
such as gasoline or alconol, alpha and beta pinenes and
allyl amine ccmpounds were alsc tested, and were spon-
tanaous with Salbei.

A Tonka called 500 was developed for use in the
controlled missile Hs~117 and consisted of:

12% M~Xylidine
10} aniline
10% optol
8% N~ethylaniline
8% N-methylaniline
35% Octane mixtures
204 benzines

Dr. Hemesath's group investigated the use of HCl04 and
H3PO4 mixed with 95% tc 98 nitric aeid, to cut down corrosion
difficulties. It was found that a mixture of 90’ HNOS3
rlus 107 HC104 with an addition of %% HiF04 could be stored
.for some time without causing decamposition.

Visol, another of the siontaneous-fuel groups, was
investigated by Or. Lutz of trne LFA in Sraunschweig.
The fuels were made up of vinyl compounds such as vinyl
isobutyl ether, etec., and gave much the same results as -
in the devlelopunent of the Tonkas. Visols however were of
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Faels (cont'd)

lower speclific gravity and produced higher vapor press~
ures causing detonation in the combustion chamher, It .
is not possible to use this mixbure with the amine com-
pounds. It was possible, however, to mix 40% optol with
10% aniline and 50% Visol and was used iIn the Wasserfall
rocket tests, This mixture with a specific gravity of
0.9 developed a specific impulse of 183 seconds, Other
fuel experimsents made by the Peenemurnde group, gave a
specific impulse of 214 seconds for a mixture of HNOg
with optolens or Visol at o ratlio of 4 to 1. It was
found that o reduction to 204 - seconds occurred when
HNO. plus 10% HeSO4 was used, The LFA also investi-
gatdd NoO plus pasoline water mixtures with the help

of Johannes Winkle:», Mr., Winkler was actively engaged
in the development of such rocket fusls as liquicd oxy-
gen, liquid methane, gnsoline, liquid No0 gasoline as
~woell as investigations with various types of gaseous
hydrocarbons with compressed air., The carly No0O ex-
periments produced a high specific impulse of 180 sec-
onds but due to overheating at the nozzle throat it was
necessary to reduce the mixture ratio to 3 to 1 in the
N-0 gasoline fuel system, which reduced the specific
impalse t» 168, ' _

There was a certaipg amount of duplication of effort
in connection with the el development in Germany since
o number of organizations worked on their own fuel sys-
tems and were unaware at times of the results obtained
by other organizations., This accounts for the mltipli-
city of names or generic terms for the same fuels,

Quality of rocket motor test beds and instrumenta-
tion used In German rocket development was on a par
with the best test equipmént In the United Stntes, The
maijority of Thrust and pressurec msasurements were made
using Bourdon element gauges and recording by cameras,

The V-2 test beds although quite mrssive were very
simply constrmuicted, using weighing belances bullt by
Suselz of Toledo, The ¥-2's were fired while supported

E )
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Fuels (cont'3;

vertleally jue- a»rve the ground, the exhaust passing
over a series of tube gratings cooled with a water flow
of 500 liters/min, A most extensive test estnblishment
was set ur Ly ths 2ME¥ Company at Manich-Allach, Their
testing aren consisted of 2 long row of 21 cells, each
openling irnzc - - = where a2 lcorge exhaust astack was
avalilable. When the test ¢ells were wacd, portable ductsa
wore connectec from the 2ell openings to the stack, ths
carrying off tne sxhaoust goses, Ecch cell was equipped
with manometers 2nd reccetion dynamometers for measuring
thrust., The dynamometcrs were operanted hydraulioally
and the indication was read on a Bourdon gauge. It was
contemplated that mngneto-stricclon gauges made by Sie-
mens would be uscd for this purpose but were never in=-
stalled, The 2MY tect installation provided several
large cells for testing JATO motors as well as scme
small cells for fuel experiments, This installation

wos Just belng complicsted,
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3, Jot Assisted Take-off Systems (ﬁATOl

The great majority of sarly experiments on liguid
rocket motors were done to develop jet-pasisted take-
off units using liquid oxygen and operating for 10 to
30 seconds at 1000 to 3000 1bs, of thrust, These unite
ware considered poor tactically by the German Air Min-
istry because of rapid evaporation of the llquid oxy-~
gen caused by lack of tnnk insulation,

Holmath Walter, Kiel, developed and manufactured
three types of JATO units using the H?Og ropellant
system, namely: RI-201/109-500, RI-205/08-883, 565.
The RI-201/109-500 delivered 1100 1bs. of thrust and
opernted on the cold motor principle with T-stoff and
Z2-stoff, The fuols were mixed in o specinl compart-
ment in the combustion chambder whioh led to the noz-
gle. The total welght of this unit with the parachute
was about 1000 1bs, The RI-203 units were simi:ar in
svery respsot, except for motor thruat, one having
1000 1bs, more thrust than the other, but loss mnning
time., These units operated on the hot system where
hydrozin hydrate is injected into the combustion cham-
ber with T-stoff for initinl combustion or starting,
followed by gnsoline with the reaction being maintain-
ed by catalyzation with Z-stoff. An eleoctric detonnt-
ing type of frangivle disc valve was used for starting
the high pressure flow, which in turn pressuriged the
tanks and supplied control pressurs,

BMW developed two JATO units: one, Model 106-718,
(Pigures 3 and 4) with pumps attached to the BMW 003
Turbo jet for installation on the Mo-262 airplane; the
othsr, 2 pressure unit called RI-301, (Figure 25.

The pumps for the 109-718 units were &riven by an ex-
tension shaft from the accessory drive of the 003 Tur-
bojet. The fuel was pumped from the tanks in the fu-
selage with a novel type of centrifugal pump using a
Venturi at the inlet with an impeller wheel consisting
of thres triangular shaped vanes, instead of the uaual
spiral flow blade (Figure 5). Pressure from the air-
¢raft hydraulic system was imposed on the main propel-~
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Jot Assisted Take—Off Systems (cont'd}

lant valves through an electric solenoid valve which
foroed them open sgainst the pump feed pressure. Ig-
nition was spontaneocus and the motor could be started
and stopped at will although an electric powder squib
was ccnsidered necessary to prevent hard starts during
the operations, a pressure regulator, which by-passed
part of the propellant, was installed in each line a-
head of the main propellant valves, and could be set for
any desired pressure (Figure 6). HWX also built

a JATC unit for the Me-26C patterned after the Me-163
power plant, called the RH-Z11 but it is not known
whether this unit was ever tested.

There were numerous solid propellant ATO units
of various sizes, manufactured by Rheimmetall-Barsig,
Yasag, Wolff and Compeny as well as both the liguid
and solid units by Wilhelm Schmicding Co, It is believed
that these solid units were more widely used than the
liguid power units. Their running time was 10 to 12
seconds maximum, at thrust ranges up to 3300 lbs.

-1



Figure 2, BMW Jet assisted take off unit - RI-301
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Figure 5.

JATO BMW 109-718 mourted onr
Tuarbo jet engine.

-23-

MY N0O3



Figure 4, BMW 109-718 JATO for Me-262
HS=-117 tanks in background.
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Company

Location

Use

Design

Thrust

Time

Propellant Rate
Oxidizer

Fuel

Jet Velocity
Bottle Pressure
Tank Fressure
Chamber Pressure
Dry wWeight
Specific Impulse
Total Impulsg
Velocity
References

Remarks:

Jito UNIT
Motr No. RI-201/109-~500
HWK
-
Kiel
Assiated take off for He-1l1l1, etc.
X
1100 1bs.
S0 sec.
23 lba/sec
" T-atoff
Z=gtoff
dzoo.ft/sqc.
1800 1bs/sq. inch compressed air
600 1bs/sq. inch approx.
270 1bs/sq. inch
X
100
33,000 1bs/sec.
X
X

One of the sarliest Welter JATO units.

Abiut 150-200 were manufactured.
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Company
Locatlion

Use

BV 138, InD-18.
Design

Thrust

Time

Propellant Rate
O xidiser

Fuel

Jot Velocity
Bottle Pressurs
Tank Pressure
Chamber Pressure
Dry Welight
Specifle Impulse
Total Iimpulse
Velocity

References

Remarks:

choember before Z-stoff to
vent hard storts (1.06 1lbs

JATO

Motor No. R£:203/109-501

HWK
Kiel

Assisted take off for He 111, Ju 88,

Helmuth Walter
2200 1bs. |
42,5 sec,

12.9 1bs/sec.
P-stoff - 486 lbs.

Jasoline - 378lbs; Z-stoff 24

5500 ft/sec.

2250 1bs/sq. inch,
X

300 1bs/sq, inch,
500 1lba,

172

93,550 1bs/sec,
X

HWK Handbook

1bs.

Ignition with B-stoff injected into

=P8

%ive gond ignition and to pre-



Company

Loc ation

Use

. BV 138 and Do 18.
Design

Thrust

Time

Propsllant Rate -
Oxidiser

Puel

Jet Velocity
Bottle Pressure
Tenk Pressure
Chamber Presaure
Dry Weight
Specific Impulse
Total lmpulse
Velocity
References

Remarks:

identical with RI-203.

JATO

Motor No. RI<209/109-502

HWK

Kiel

Assisted take off for He 111, Ju 88,
Helmuth Walter and Dr. Schmidt

3500 lbs.

3 0 sec. ¢

18 1bs/sec.

T—stoff-486 lbs.

Gasoline - 37 lbs; Z-~stoff -~ 24 lbs.
5750 ft/sec.

2250 1bs/sq. inch.

-

320 1bs/8q. inch

500 155.

180

99,000 lbs/sec.

X

X

Ignition and general running operetion
(See Pigure 1}.



JATO
Motor No, 109-718

Company BMW
" Location ) Allach and Bruckmahl near Manich
Use Agssisted Takse Off for Me 262.
Design
Thrust 1320 1bs, to 2750 1lbs; 112 see¢. full
thrst . :
Time 3 minutes
Propellant Rate 15.8 1bs/sec,
Oxidiser Salvei )
) 3520 1lbs for 2 motors (mix
Mel R~atoff ) ratio 4,2:1)
Jot Velocity 5750 ft/sec,
Bottle Pressure Pumps driven by jet turbine
Tank Pressure Pump feed pressure 600 1bs/sq., inch

Chamber Pressure 525 1bs/sq. inch
Dry Weight : 176 1bs, each unilt
Specific Impulse 180

Total Impulse X
Velocity X
References Dr, Clapp's report, Army Technical

Intelligence Section.

Remarks : This JATO unit was designed for use
with the Me 262 jet alirplane, Two units were used, the
pumps being driven by gear drive from jet turbine engines
on the aircraft, JATO units could be started while gas
turbines were operating, Salbel pump at 16,000 RPM -
Tonka 22,000 RPM at full thrust, (Sse Figure 4),
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+ 4, AIRCRAPT ROCKwnI POWER IFLANTS

The most important licuid propellant rocket motors
for aircraft were developed by the Helmuth Walter Company
in Kiel. These pover plants were an outgrowth of the HNK
Jjet assisted take off units and were especially designed
for use in the Me-163 high speed interceptor.

There were three phases of development and ebout
Sever models, nanely:

RIT-203 - First pump unit, cold motor.

109-509A - Hot kotor, increased thrust,

109=-509B Hot motor w:tn small cruising motor.

Model RII-203 developed 4401620 1ba of thrust and

had its first flight tests -in 1941, The results of these
tests were encouraging but the efficiency was so low that
it was of little practical value for combat. For this
reason the Walter Company chanzged to the hot motor system.
They injected hydrazin hydrate and methanel which increased
the efficiency by 100%. The 109-5U9A series using this fuel
system was put into production in 19435, The 109-5C9A motor
consisted of a turbine driven by T-stoff, using a solid
catalyzer steam pot and was started with an electric motor.,
The starter would bring the pumps up to 6 atm, which was
sufficient to cause T-stoff to feed into the pot to maintain
20 a*m. of pressure. When power was desired, a second
position on the starter lever would cut in the pump governor,
wi.ich would allow the pot pressure to build up to 26 atm at
meximum thruzi, Tre gterting lever was mechanically connected
with the throtile and main propellani valves., The throttling
was accomplished by valving into three sets of injectors.
The first two sets had 3 jets in eacn set, the last set had
6 jets. This method of throttling was of definite assistants in
maintaining hi h fusl cconomy at low thrust. The 109-509A-% was



AIRCRAFT K CKET POWER PLANTS (sont'd)

envolved from the AQ-1 because of difficulties encoun-
tered with hard starts, pump cavitation at quicR changes
of acceleration, and ddlays with the elsctric starter.

It 1s bellieved that this unit was never flight tested.
The starter difficulty was correctad by acdding a small
tank contalning T-stoff which fed by gravity to the steam
pot. The hard starting pronlem was solved by tapping
live steam from the steam purge line and preheating the
C-stoff in the first throttle staze, OSteam ojectors were
then installed on the pressure side of both pump lines
for the purpose of drawing out air buhhles, The e jeotor
was installed with internal check v2lves which were ad-
Justable and bloscked the funetlon of the ejector nnless
the pump teed pressure fell hrelow the presetting. The
thrust was also increzsed 40 lbs, It was declided that a
eruising motor should be added to the power plant to
bring up the fuel economy, thus increasing the range of
the slrcraft, This motor would deliver approximactely

800 1ba. thrust. The small cruising motor was installed
on the 109-509 A~]l and given the number 109-509B. The B
power plant mein motor thrust was Increased to 4400 1bs,
" max, The results were promising and a unit called 109-
509C was finally built and tested incorporating all the
b§8b features in the previous power plants, (See Figure .
7).

In an interview with Dr, Llpplsch, designer of the
various Me 163 sirplanes, it was found that numerous
difficulties were encountered with leakage and explosions
in flight., Fires were caused by H202 leakage mixlng with
011 used on the landing skids, It was his general opinion
that ejector pumps should also be installed in fuel tanks
to prevent cavitation, and suggested that Zoborowskl of
BMW had deslgned = very good pump for this purpose. '
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AIBCRAPT ROCKET IOKFR PLANTS (cont'd)

During the period of HWK motor development, the BN
Company was requested to develop a motor of similar design
for the Mel6s plane but to use Salbei and Tonka fuels.
Pifty power plants were built according to the ELW offic-
ials but were not completed in time for flight testing.

This power plant was the forerumner of the 109-718
ATO unit mentioned previously but operated from its own
turbine drive. Ali of the documents at the B plant
were destroyed but as far as can be ascertained this unit
was similar in every respect to the 718 but used a hydrau-
lic control on the main propellant valve for throttling
purposes. A Salbei-Tonka firepot was experimented with for
driving the turbine but the leakage and corrosion diffi-
~culties wpre so great that the Walter T-5toff steam pot
had to be used in the final design.

It was believed that these pumps and'injectors wore
superior to the Walter units and were expected to give less
cavitetion difficulty.

_33_



DFS 194

(Early Me-163 Motor RI --)

Company
Location

Use

Design

Thrust

Time

Propellant Rate
Oxidizer

Fuel

Jet Velocity
Bottle Pressure
Tank Pressure
Chamber Pressur:
Dry Welght
Specific Impulsc
Total Impulse
Velocity
References

Remarks:

test flown and wra

Helmuth Walter Kiel

Kiel ,

Powsr plant for high speed test plane
Messerschmitt - Dr. Tippisch

770 1lbs,

X

7.4 1bs/sec,

T-stoff

Z=stoff

2400 ft/sec.

Pumps T-stoff and solld catalyst
Pamp feed about 500-600 1lbs/sq.inch
270 1bs/sa.inch

z

06

X
X

Pr, Lippisch.

The DFS~194 aircraft was the first unit

the forerunner of the Me 163, Thls plare

was originally plonned by the DFS in Berlin and was designed
by Dr., Lippisch 2t the Messerschmitt. Company.

L]
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Company
Location

Use

Deeign

Thrust

Time

Propellant Rate
Oxidizer

Fuel

Jot Yelocity
Bottle Iressure
Tank Pressure
Chsmber Pressure
Dry Weight
Specific Impulse
Total Impulse
Yelocity

References

Remarks:

R 11 - 203

HWK

Kisl .

Second model Me-163-A High Speed fighter

Dr. Lippisch at Messerschmitt

440—1650‘1ba.

X

15.7 1bs/sec at full thrust

T-gtoff{

Z-stoff-C

3400 f£t/sec.

Pumps with electiric motor starter
600 1bs/sq. inch pump feed pressure
270 1bs/sq. inch

167 1bs,

106

X

X

U.S. Naval Technical Mission in Zurope
Technical Report No. 134-45.

Flight tested in late 1941.
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Company
Loocation

Use

Deaign

Thrust

Time

Propellant Rate
Oxodlzer

Mael

Jet Velocity
Bottle Pressurs

Tank Pressure

Chamber Pressurs

Dry Welght

3pecific Impulse

Total Impulse
Veloolity

Referenoces

Romarks:

ME-163

¥otor No. 109-709 A«0-1

K .

Kiel

Power plant for Mealés B0
Messerschmitt |

660 -3300 1lbs.

15-20 min: mex. (full thrust 4 min 11 sec)
17.5 1bs,/se¢. full thruat
T-stoff) _

) 4400 1bs. total fuel

C-stoff)

5800 ft/sec,

800 1bs./so0.ineh

Pump Feed - elestric motor startesr
300 1bs./sq.ineh

368.5 1lbs.

181

x

X

U.S, Naval Tpehnie=1 Mission in Europe
Tag¢hnical Report No. 134-45,

About 300 A-~1 motors menufactured, This

wag the first model to use the hot motor system with regen-
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Me-163, ¥otor No. 109-509 4-0-1 (ccnt'd)

erative cooling. Hydrazin hydrate and methanol with HZ0
were mixed. This unit was very suseeptible to cavitation
in the pumps and would start very hard. The plane with
this wotor can reach an altitude of 6 miles in 3 mirnutes
at max. climb angle of 40 degrees.



ME-183

_ 109-509 A-2
Company HWK
Location Kiel
Use F~r Mel63d B-O
+ Design Messerschmitt - Dr. Lippisch
Thrust §7§D 1bs increased; 440 1bs above 103~509-
Time 15-20 min, max,

Propellant Rate 20.8 lbs,/sac,

Oxidizer ' T-stoff

Mael C-stoff °

Jat Velocity 5800 ft./sec,

Bottle Pressurs 606 1bs, pump feed -~ T-stoff starter
. Tank Pressure  Snlid catalyst plus T-steoff
Chamber Pressure 320 1lbs,/sa.inch

Dry Weight 568 1lbs,

Specific Impulse 181

Total Impulse X

Velocity ' X

Reforences U. Sa. Naval Teehnical Mission in Europe
Technical Report No, 134-45,
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ME-163, 109-509 A-2 (econt'd)

Remarks: Trouble with hard starts practically
corracted by the addition of steam jacket arcuné lst tnrot-~
tle scage of C-stoff, Ejectors were in.talled to assist

in preventing cavitation and to prevent air tra,s in pro-
pellant lines.
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NATTER HP=-20
Motor No. 109-509-A-2

Company HWK

Location Kiel

Use Piloted rccket interceptor

Design - Fleseler Alrcraft. Mfd., by Eric Bachen
at Waldsee

Thrust 330 1bs to 3740 1bs,

Time 120 sec: full thrust 64 sec,

Propellant Rate ggﬁg Egi/sec.: full thrust includes

Oxidizer T-stoff, 450 liters

Fuel C-stoff -~ 250 liters

Jet Velocity 5830 ft./sec,

Bottle Pressure Pumps

Tank Pressure 600 1bs,/sq.inch at pump outlets at full
thrust

Chamber Pressure 300 1bs,/sq.inch
Dry Welght 368 1bs,
Specific Impulse 181

Total Impulse 239, 360 1b/sec,
Velocity eruising 4”0 wiles/hour
References ~88essment Report 150, USSTiF.



NATTER HP-Z0, Motor No. 109-~509-4-2 {cent'd)

Remarks: One or two units were tested. liax. altitude of
12,000 feet witn operational radius of lz wmiles. This unit
was launched with two 5R-34 ATO units delivering 2200 lbe
for 12 sec. and weigh 33 lbs. esac:.
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_Gompany
Location

Use

Design

Thrust

motor of 836 1lbs.
Time

Propeliant Rate
Oxidizer

Fuel

Jet Velocity
Bottle Pressure
Tank Pressure
Chamber Pressure
Dry Weight
Specific Impulse
Total Impulse
Velocity
References

Remarikst

ME-163

109-509-B~1
HWK
Kiel
For Me~163-B-1
Messerachmitt
880 1lbs to 4400 1bs small cruising
15-20 min, max, *
24.4 1bs/sec. at full thrust of 4400 1bs,
T-stoff
C-stoff
5800 ft/sec.
Pumps with electric starter
at 600 1bs/ sq. in,
320 1bs/sa. in.
425 lﬁs approx,
181
X
X
X

Increased main motor thrust 660 1bhs and

addition of crulsing motor effected, Unit actually was old

A-1 motor changed,
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Company
Location

Use

tested,

Design

Thrust
crulising motor.
Time '
Propellant Rate
4400 1l1ba,
Oxidizer

Fuel

Jet Velocity

Bottle Prassure

" Tank Pressure

Chamber Pressure
Dry Weight
Specific Impulse
Total Impulse
Veloclty

References!

ME~163
106-509C '
HWK
Kiel
Experimeﬁtal motor was not flight
X
4400 1bs max, large unit; 880 1bs
X
24,4 1vbs/sec, st full thrust of
T-stoff
C-stoff
5800 ft/sec,
Pumps with T-stoff starter
600 1bs/sq, inch
320 1bs/sq. inch
About 400 1bs
181
X
X

U.S8, Nzval Technical Miszion in

in Burope Technical Report No. 134-45.

Remarks:

Latest development, combining good

qualities of A and B units. about two or three of
these units were built. (see figure 2).
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ME-163
BMW 3390A - R IT 303

Company BMW
Loceation Allach
. Use ' Power plant for Me 163
Design Requested by Dr Lippisch in 1943; due
to HWK motor difficulties,
Thrust 440 1bs., to 3300 1bs.
Time '~ B=15 minutes

Propellant Rate 18,3 1bs/sec,

Oxidizer Salbel

Fuel Methanol -~ Total prnpellant wt, ~-
4070 1lbs; tonko uscd for ignition

Jet Velocity 56800 ft/sec,

Botqle Pressure G2s turhbine using Salbei M-stoff-water
Tank Preasure 600 1bs/sq. in.

Chamber Pressure 500 1bs/sq, in.

Dry Welght X

Specific Impulse 175

Total Impulse X
Veloedty X
neferences X
Rema rksj About 30 ﬁnits were bullt and tested at

#llach, Difflculty was expsrienced with turbine drive for
pumps and tests were made with Walter turbine and gas gene-
rotors using BMN pumps, Thrust controlled hydraulically

hy chamber pressure, Tonka ignitien started with small
clectric motor driven pump. sco flgure 3).
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5. ROCAET woBLARS FCR LTDAD L ISSTLES

The followinz sheets list tie operating charscteristics
of t.e most important rooket motors for guided missiles in
operation or under develepment in Germany. No attempt will
ve made to describe tae missils or its comtiol system since t.e
Uss. Maval Tec:nical kission in Europe is at rresent compiling
a complete detailed re.ort on the status of sac: unit as of 19-5.

Tre operating caracteristics are those actually observ.d
in flignt or s .own in final test bed data before flignt.
voize of these power plants developed higher efficiencies durirg
tre proliminary stages of test work but due to cooling problams
or variaetions in acceleration and range of t-e missiles, it
wes found necessary to operate them at lower temperatures and
lower efficiencies.

The imgortant feature noled in all of tiese power plants
witn the exception of the A-4 rocket is the simplicity of the
valving and starting mecianisms. Nearly all of the units used
tr.e ;ressuriged system . ita electricel bursting discs to start
tiie feed pressure to the tanis.

Tae main propellant valves usually consisted of frangible
metal discs which burst when tanke.were nearly up to pressure.
rlexible hoses inside the propellant tanks assured maximum fue
witi:drawal. '



HOCKET POWER PLANT FOR THE WASSERFALL

Company

Location

Jse

Design

Ministry,

Thrust

Time

Propellant Rate
Oxidiser

Fuel

Jet Velocity
Bottle Pressure
Tank Pressure
Chamber Pressure
Dry Welght
Specific Impulse
Total Impulse
Veloclty
neferences

Remarks:

For general dimensions see figures 8 and O,

Peenemunde

Peonemunde

Flak rocke£

Oberleutnant Schenfolder, under air
17,500 lbs: actual 17160 1bs.

45 sec: actual 40-i2 sae.

96.8 lbs/sco. - _
Salbeil or MS-10 - 3317 1bs. ‘
visol or nptnlene - 994 1bs,
5800 ft/sec,

3900 -1vs/sq, in; - 154 1bs, No

200 1bs/sq, in.

220 1bs/sq, inch
3872 lbs.

180

686,000 1lbs, sec.

4.5 g, at target
Report by Dr, Zwicky.

Thirty-five projcctiles were test flown,
There was a

considerable amount of develcopment work still to »e done,
which will account for the varying fuel rates and effi-

eclencies as outlined in other reports,

Above data give

average characteristiecs as developed from static and

flight test work,

It 18 interesting to note that the

additlion of swinging or flexible feed pipes in the tznks



1
[

ROCKT FOWER PLANT, FOR ¥ASSZRPALL (Cont'd)

produced "increased range of 2% miles. Since this unit was
being developed with the idea of filling the tanks and
storing for long periods, over-sized tanks were used.
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ROCIZT PONER PLANT FOR ENZIAN
E-l, E~2, and E~5 RI 210-B

Company HWK

Location Kiel

Use Flak rocket

Design - Venicle designed by Messerschmitt;
manufactured by Holzbau-Kiqging.

Thrust 4400 1bs, dropping to 2000 lbs.
Time 7C sec.,

Propellant Rate 28,6 lbs/sec. full thrust
Oxidizexr wixed acid - 990 lbs.

Fuel gasoline 24% lba,

Jet Velocity 5000 ft/sec.

Bottle Pressure Cast iron pumps operated with HWK
steam pot using T-stoff and solid catalyst.

Tank Fressure 600 1bs/sq. in. at full thrust
Chamber Pressure 400 lbs/sq; in.

Iry Weight 80 kg. experimental model
Specific Impulse 156

Total Impulse 308,000 1bs. sec.

Yelazity Mach Ng. 0.8-0.9

References: Interrogation, Dr. Wurster and U.S.

Navel Technical Report No. 184-45, HWE report.
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10D CAET POWEiR® PLANT FOii ENZI.N E-1, E-2, and E-3 RI

210-B (cont 'd)

Remarks: sbout ten units were manufactured,
Ignition was accomplished by injecting furfuryl 2lco-
. ' hol 1Into combustion chamber since it is spontanzcus
‘with nitric acid, rupture disgs ksep liquids from
pumps until. plston actuated slesve cuts discs., This
plston is driven into dlaphragm with pewder charge

sat off electrically, PFall off of thrust accomplished
by allewing feed pressure to drop 2s the air bottle
became exhausted, thereby reducing supply ~f P-stoff
to the pumps,
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Company

Locaticon

Use

Design

Thurst

Time

Propellant Rate
Oxidizer

Fael

Jet Vslocity
Bettle Pressure
Pank Pressure
Chomber Pressu;e
Dry Welght |
Specific Impulse
Total Impulse
?elocity

Keferencas

ENZIAN Z-4, 3-5

- DVK, Dr. Conrad

Berlin
Flak rocket
Messerschmitt - Dr, Warster

E-4 1400 1lbs tn 2200 1bs.

(E-4 24.4 lbs/sac,
(E-5 30 1bs/sec,
Salhel

Visol

5800 ft/sec,

3000 1hs/sq. in.

400 1bs/sq, inch,

- 300 1bs/sq. inch

213 1lbs

181

308,000 (16.sec Approx)
(E-+ Mrch No, 0,9

(E-5 N~ch No, 2,0
Dr, wurster of Mcsscrschmitt

Remarks: Very simple rorul-tion system used,
¥hen the motor was started by firing »n clectric souilb,
which burst 2 frongiblo disc in the pressure tonk, the
foed pressure wns controlled hy the drop zeross ©osmull
orifice in the bettls pressure tine, The ~diabatic ex-
pension of the compressed 2lr w=s chout right fer pre-
per thrust centrnl., An clectric soulb w-s 1lse used
when firing the combustirn chamber to provent hord
starts, ({sce figure 10).
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RHEINTOCHTER III

Company . WK - Dr. Conrad

Location Berlir

Vae Flak rocket

Design Rreinme‘all-Borsig

Thrust 3960 lbe. to 4800 1lbs., for & sec;
balance of flight 396C lbs.

Time 43 sec.

Propellant Ra'e - 22.4 1bs/sec.

Oxidizer

Fuel

Jot Velocity
Bottle Fressure
Tank Pressure
Chamber Fressure
Dry Weight
Specific Impulse

Total Impulse

Salbei 739.%2 lbas,
Visol 195.6 lbs.

5800 ft - sec.

3750 1bs,/sq. ine.; 39.6 lbs.

400 1bs/sq. inch
500 1bs/sqg. ineh
215 lbs.

181

80,000 1bs. sec.

Velocity 800 ft/sec.
References Dr. Wurster. RH III lardbook
Remarks: Launciin, units very heavy. Developed by Rheinmelsl I-

Borsig. about 16000 k3. This power plant used si.ontuncous fuelc
put an electric powder squib was necsssary to prevent hard cturis,
(see part (&) in figure 11;.
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POWER PLANT FOR FEUERLILIE F-55

Company
Location
Use
Design

Thrust

Time
PrOpellant‘Rgte
Oxidizer

Fﬁel

Jet Veloclty
Bottle Pressure
Tank Pressure
Chamber Pressure
Dry Weight
Specific Impulse
Total Impulse
Velocity

DVK
Berlin - Dr, Conrad
Flak rocket

LFA by Dr. Braun

14,000 1bs,

7 sec.

6 1bs/sec.

Salbei 370 1bs (?)
Tonka $3 1bs {?)
5400 ft/sec,
Compressed air
Not known

300 1lbs/sq. in.

169
98,000 lbs, sec,

/

References U.3, Naval Technical Mission in
Europe Technical Report No. 194-45,

Remarks: Ignition spontaneouss powder sauid
bursting starters (see part (b) of figure 11). The
early F-25 and F-55 used solid propellant power plants.,
Only the latest design of F-55 used the 1icuid pro-
pellant motors, Two units were constructed,
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Company
Location

Usze

Design

Thrust

Time
Yropellant Rate
Oxidizer .

Fuel

Jet Velocity -
Bottle Pressufe

Tank fressure

Chamber Yressure

Dry weight
Specific Impulse
Total Impulse

Velocity

SCHMETTERLING Hs 117
109-5658
Bavarian Motor Works {BMW)
Berlin-dlurich
Flak rocket and air-td—ground missile
Heﬁschel.Flugzeug WNerke - Dr. Wagner
132 lbs. to 836 lbs.
57 sec. full thrust - 33 assec.
4.8 lbs/sec
salbei 150 lbs. Sv-Stoff
Tonka 28 lbs.

5600 ft/sec.

3000 1bs/sq. inch (compressed air]

400 1bs/sq. inch

500 1lbs/sg. inch

176 1lbs. with tanks

175

27,588 1bs. sec. full thrust

deld to kach C.75 by controlling

thrust witn a ram pressure and sltitude regulator

References

Remarks:

Dr. Clapp's CIOS repart.

Spontaneocus ignitiom. Fleciric

powder bursting diaphragm for starting feed.
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SCHMETTERLING Hs 117

Company HWK

Location Kiel

Use Alr-to-ground flying missile
Design Henschel Flugzeug Werke
Thrust .132 1bs, to 836 1bs,

Time 60 sec: full thrust - 33 sec,
Propellant Rate 5.4 lbs/sec.

Oxidizer . Sv-Stoff 149,6 1lbs,
Fusl gasoline 28,8 1bs,
Jet Velooity 5000 ft/sec.

Bottle Pressure 2700 1bs/sq. inch - 10,45 1bs of gas
Tank Pressure 600 1hs/sq., inch

Chamber Pressure 400 lbs/sq. inch

Dry Welght 143 1bs,

Specific Impulse 156

Total Impulse 50,160 1bs, sec, a2t full thrust
Velocity Held to 0,73 Mach No, with air rah
regulator,

References X

Remnrks: Tested and re-dy for production but

none were used in ¢omhat, Furfuryl alcohol Is used for
Agnition, Approximately 275 1bs, used, Mix ratio 5.8
to 1., Starting 1s nccomplished through medium of elec-
tric powder squih which forces round edge piston to
break aluminum membr-nce (Figure 4).
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Company
Location
Use
Design
Thurst
Time

time questionable)
Propellant Rate

Oxidtzer

Fuél

Jet Veloeity
Bottle Pressure
Tank Pressure
Chamber Pressure
Dry Weight
Specific Impulse
Totil Impulse
Veloclty

References
I‘epor‘b .

Remarks:
(Figare 12},

X-4
109-548

BMW

Dr,. Sohneider ~ Berlin and Allach
Alr-to-alr missile

Rahrstahl A,G. - Dr. Kramer

308 1lbs, down to 68 1lbs,

22 sec: aotual - 17 sec, (running
1,95 lbs/sec,

Selbel 14,08 1lbs,

Tonka -~ 3.52 1lbs,

5000 ft/sec.

2700 1bs/aq. inch

varies as bhottle pressure reduces
400 1bs/sq. inch

31 1lbs,

156 \

1400 1lbs. seec.

760 ft/sec,

CIOS report - Dr, Clapp; British

1300 units were minufactured,

The plungers for the hellcal tanks used

chromate le~ther packing for the tonka and lapolene

washer with the salheti,
be very prootical for defense 2grinst Flying Fortresses,

This unit wns considered to
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Ha SERIES = = 293, -293A-1, =-293D, - .294, ete.

{Motor 109-607B, (RII-260}

Company HRK

Location Kiel

Use Feghesteurte Gleitbombe

Design Dr. Wagmer of Henschel Flugzeuge Werks
Thrust 1320 1lbs.

Time 10 sec.

Fropellant Rate
Oxidizer

Puel

Jot Velocity
Bottle Pressure

Tank Pressure

Chamber Pressure -

12.2 1ba/sec.
T-gtoff 132 1bs. approx.
Z“StOff 7.48 1lba.

3500 f4/sec.

270 1bs/eq. inch

Dry Weight 1568.4 1bs.

Speeific Impulse 109

Total Impulse 13,200 1bs. sec.

Veiocity

References U.S5. Naval Technical Mission in Burope

Technical Report No. 154-45

Remarks: 300 manufactured. This was krown as the cold motor

. 8ystem since the thrust was dependent entirely upon the reaction of
hydrogen peroxide releasing about 6070 water in fom of steam at

50C° C plus 40‘,’5 oxygen gas. Solid propellant units and gaseous oxygen
methanol motors were also used .in this series.
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Company
Location
Use |
Design

Thrust

HS SERIES - Hs 293, -208

Motors 109-513 and 109-543

Wilhelm Sehmidding

Bodenbach

Glide bomb

Henschel Co,

513 - Liquid 1474 1bs; 543 - solid

330 1lbs at 5 sec, 110 1bs at 30 sec.

Time

- Propellant Rate

Oxidizer

Fuel

Jet Velocity
Bottle Pressure
Tank Pressure
Chamber Pressure
Dry Welght
Specific Impulse
Total Impulse
lbs, sec,
Veloelty

Eeference

Remarks:
Wilhelm Schmidding,

513 11 seec,

513 - 8,49 lbs/sec; 543 - 2,8 1bs/sec,
513 ~ oxygen gns; 543 - solid propellant
513 - M-stoff; 543 - propellant deglycol,
513 - 5600 ft/sec; 543 - 5100 ft/sec.

Oxygen bottle pressure - 3300 1lbs/sq. in.
X -

X

X

513 - 175: 543 -~ 160

513 - 16,214 1lbs. sec; 543 - 11,220

X

Henschel microfilm- Sehmidding Documenta.

Both of these unlts were developed by
The primory function of these power

plants, as with HWK units, is to give the missile initial
impulse so thet pilot can see to control it from airplane,
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Company
Location

Use

Design

Thrust

Tine

Propellant Rnte
Oxidizer

Fuel

Jet Velocity
Bottle Pressure
charge.

Tank Pressure

1n0ho
Chamber Pressure

Dry Weight
Specific Impulse
Total Impulse
Velocity
Reference

Remarks:

Zlectromechanische werke

Psenermunde

Anti-aircraft barrage

Paeneminde

1320 to 2200 1ns,

2-3 seo0,

9.6 lbs/sec,

Salbel - tank capacity 15,9 1lbs,

visol - tank capacity 5.73 lbs,

3200 ft/seoc.

735 1b/sq. inch generated with cordite
charge ruptures discs at 37-74 1bs/sq.
about 440 1lbvs/sq. inch

42.63 lbs,

100

2200 Ype. ses, to 3000 1bs sec,

starts at 31lg; at target about 45 g.
British CIOS report - U S army report
It will be noted that the efficiency

appears quite low and that there 1s a wide range of

characteristic data.

The projectile was still experi-

mentcl and it is believed that the specifiec fuel con-

sumption had not been determined accurately.

Also the

L/D &f ohamber was poor because of their desire to in-
ecrease tank capacity, Ng was used.in static tests.

It wns 60 be shot from 1

uncher, When fired, visol

came on full, with Salbei being delayed until Valve 1
was caused to open’'by gases passing venturl throat
(Figure 13). Altitude from 46,000 ft. to 52,000 ft.
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A-l, A-2

PRELIMINARY DESIGN FCR V-2

. Company Dr. Oberth - Prof. Yon Braun
Location Berlin Rocket Flying Field
Use ' experimental rocket flights
Design 1933~-1954
Thrust €60 1bs.
Time | 18 sec.
Propellant Rate 5.5. lba/sec
Oxidizer A=-5toff
Potal propellants 88 1lbs.
Puel ¥~5toff plus water
Jet Velocity about® 4000 ft, ‘sec.
Bottle Pressure N2 feed used
Tank Pressure X
Chamber Pressure X
Dry Weight 242 1bs. rocket and motor
Specific Impulse | 125
Total Impulse 10,560 1b, sec.
Velocity
Reference
Remarks: Length about 1.4 meters; dHameter 30

cm. Gyro-stebilized; range 2000 meters or 1.2 miles.
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A-3, A-5, and A-7
PRELIMINARY A~-4 DESIGN

Company Army Weapon Department
Location Army Weapon Department

Use _ Experimental flight tests 1938
Design Berlin - Dr, Von Braun

Thrust , 3300 1bs,

Time 45 sec,

Propellant Rate 22 1lbs/sec,

Oxidizer A-stoff .
Total propellant; 680 1lbs,

Fuel M-stoff plus water

Jot Velocity 4600 ft.

Bottle Pressure nitrogen

Tank Pressure X

Chamber Pressure X

Dry Weight 660 1bs. rocket ﬁnd motor

Specific Impulse 148 |

Total Impulss 148,500 1b. ssec,

Velocity Did not attain supersonic speeds
References
Remarks: Maxinmm range 1200 meters for A-3; A-5

made with graphite rudders and could be landed with chute;
maximm sldant range 10.8 miles for 4-5; A~7 prelimincry
A=-9 design with wings was not built,

»
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A-4 or V-2 ROCKET
A-Q 1945 DESIGN

Company Peenemnde

Location ' Peenemunde

Use +rtillery Rocket

Design : EMW in 1940-1942

Thrust 55,000 1bs,

Time 68 sec, max,

Propellant Rate 280 1bs/sec; Total Propellant
17,600 1bs; (actual? '18,208.41 1bs)

Oxidizer . Liguid oxygen 9856 1lbs: Mix
ratio - 1 to .85

Fuel ' Methanol 83%53,4 at (75% M-stoff
and 25% water) . .

Jet Velocity 8350 ft/sec,
-Bottle Pressure - 3000 1b N, for Pump T-stoff feed
(regulated to 495 1bs/sq, 1ncg * 0.6 atm)

Tank Pressure Pump delivery pressure 375 1lbs/sq.

inch.

Chamber Pressure 300 1hs/sq. inech

Dry Weight 9900 1vs, of rocket and motor
Specif;c Impulss 200

Total Impulse 3,740,000 1bs, sec,
Velocity about 4g max,
References Army Peenemunde Report
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A-4 or V-2 ROCKET A~9 1945 DESIGN {Cort 'dJ

Remaris: (a) Tump turbine developed 540 iF
at 4000 R¥M with a fuel consumption of 5.5 1lbs/sec.
Pumpe were actually run between 3600 and 3800 RFA.
Because of water hammer difficulties when shutting
down, the cyole consisted of two steps (Figure 14}.

{b) Combustion chamber used 18
injector cups with an atomization pressure of 45 lbs/
sq. inch. Drop through jacket 76 1lbs/sq. inch. &
specific impulse of 220 was attained in test bed operation,
but due to increase of 18% thrust and chamber pressure
at high altitudes it was found necessary to run at reduced
efficiency. As & campromise, the nczzle was designed for
an exhaust pressure of 12.75 1bs/sq. inch obsolute. ,

{c) It is to be noted that the ring of
36 liquid cooling jets in the cambustion chamber were filled
with woods metal and did not spray until chamber temperature became
high enou h to melt the plugs at sbout 50c C.

(34 The A=9 rocket would have used tre same
power plant as A—4, but was to be equipped wit: wings. Range
increased to about 450 miles. One variation was to have had a
retractable undercarriage, carry a one man c¢rew in a pressure
cabin, and would land empty at about 150 miles per hour.
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A-10

FRCJECTED LONG RAMGE ARTILLERY ROCKET

Company Peenemunde

Location Teenamunde

Use Booster or 5tép rockst
Design EMW

Thrust 440,000 lbs.

Time . 50 sec.

Fropellant Rate 2728 1bs/sec

Oiidizer A-stoff

. Total Propellant weight: 136,400 lbs

Puel M-stoff plus water

Jet Velocity 5300 ft/sec.

Bottle Pressure K2

Tank Pressure L

Chamber Pressure X

Dry Weight 55,000 1lbs. rockst plus motor pigs
step &9.

specific Impulse 166

Total Impulse 11,000 ton sec.
- Velocity Jettisons at 3300 ft/sec.
References

Remarks Similar to A=-2 but with step rocket.

Accelerates to about 7000 ft/sec. and then goes into glide.
Maximum range 30:0 miles.
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Company
Location

Use

Design

Thrast

Time

Propellant Rate
Oxidizer

Fuel

Jet Velocity
Bottle Pressure
Tank Pressure
Chamber Pressure
Dry Weight
Specific Impulse
Total Impulse
Velocity
References
nemarks:

dropped in 1943,
ruptures disc,

BV-143

(Similar to RI-203/209)

HWK

Kiel

Glide Bomb

Blohn & Voss - Hamburg, Dr., Vogt
3300 1bs. reducing to 1540 1lbs,

40 sec, approx: 30 sec. full thrust

' 19,8 1bs/sec. at full thrust

T~stoff
Total Propellant Welght: 594 1lbs,
Z~-stoff plus B-stoff and gasolire
5000 ft/sec.
Alr. Pressurs
X
300 1b/sq. inch
176 1bs, - charged weight: 770 1bs,
156
96,000 1lbs, sec.
X

Only four units built; project

Starting method - powder squlb
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6. MISCELLANFOUS JET FOWER FLANE SYSTEMS

The following sheets list the operating characteristics
of jet power plants or devices that do not come under any
of the previously mentioned items. The LT 1200 and 1500 were
rocket propeiled underwater torpedces and were entirely X
designed and built by HWK for T-Stoff propellants. g

Under the guidance of Dr. Lippisch, IFS at Ainring
developed and wind-tunnel tested a high speed flying wing
interceptor model using & coal-type ramjest. The design
was changed from cylindrical to oval in order to faciliteate |
ints installation in the wing. No loss of efficiency was |
noted; however, a rotating fuel holder was necessary to |
‘maintain even combustion of fuel layers.

Some development work was done by Baron Dorlhoff m a
sort of thermal air type of jet propelled helicopter. A
seriea of four ships were built, NR-1 to 4, MR-l was built
in 1945 and used a 60 HP blower, Nx~2 used 90 HF for tie
blower. NR-3 and 4 had a total of 135 HP and used about
35 gallons of fuel per hour when rovering. The fucl wos
irnjected into the blower air stresm at 5 atu pressure, the
total mixture traveling out through the hollow blades to the
cowbustion chamber on the blade tips before burning.

Scme information is included on improved impulse duct
motors similar to the V-]l motor, see figure 15.
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Company
Location

.Use

Design

Thrust

Time

Propellant Rate
Oxidizer

Fuel

Jet Velocity
Bottle Pressure
Tank Pressure
Chamber Pressure
Dry Welght
Speclfic Impulse
Total Impulse
Velocity

References

LT 1200 and LT 1500

HWK .
Kiel

Rocket propelled water torpedo

HWK
1760 1lbs.,
106 sec,

11,7 lbs/sec.
T-stoff 832 lbs
dasoline - 103.4 lbs; Z-stoff - 62 1lbs.
6050 ft/sec,
3000 1bs/sq. inch
435 1lbs/sq. inch
285 1bs/sq. inch.
1800 complete tporpedo
189 '

9
186,560 1lbs, sac,
X

'U.S, Naval Technical Mission in Europe

Technical Report No, 131-45,

Remarks:

bustion chamber cooled with sea water,

Theoretical temperature 2000°C; com~
Mechanical trigger

valve used for starting.
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RAM JET
l Company DFS - Propellant - Dynamit A,.G.
Location Adnring
Use Preliminary design for Lippisch
P-13B jot planse,
Desigg : Dr, Lippigch - Dr, Saengor
Thrst ’
Time
Fropellant Rate
Oxidizer 90% coal: 104 black powder
" Fuel formod into a sleeve

Jet Veloelity

Bottle Pressure

Tank Pressure

Chamber Pressure

Dry Welight

Spocific Impulse Thrust ocoefficient - ,3

Total Impulse

Velocity Must stay above 180 MPH at 260 MPH
%% efficient '

Referances Dr. Lippisch

Remarks:

Air oirculator or - Coal - Op slseve

spinner Vf
T
777

— S0oMp—— xd

-

3

120 MM approx.
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POWER PLANT FOR JET HELICOPTER

Company

Location

Use

Design

Thrust

Time

Propellant Rate

driven with argus 411 - 135
28.5 1lbs/sq. inch.

Oxidizer

Pusel
1 to 20.

Jet Velocity
Bottle Presaurs
Tank Pressure
Chamber Pressure
Dry Weight
Specific impul;e
Total Impuise

Velocity
285 R¥M,

References

Remarka:

Doblhoff ~ Argus 411 engine
Zell am aee
Jet Helicopter

Doblhoff

Single stage centrifugal blower
BHP motor 1.44 lbs. air/sec at

Gasoline injected at mix ratio of

Fuel injection pressure 80 1bs/sq. in

Helicopter and motor - 946 1lbs.

Blade tip speed or take off speed

Tech. Intelligence Report I-56,

Air campressor drives compressed air

to hub and out hollow blades to cambustion chamber on tips., Fuel
is injected before entering hub. 4 models built - NR-1 to -4.
NR—4 - a two place unit had £5 hours hovering tims, little or not
forward flight. Fuel consumption: 140 liters/nr for-hovering,
and 40 liters/hr for forward fiight,
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Company
ILocation
Use
Dasign

Thrust
400 miles/hr

Time

Propsllant Rate

Oxidizer

Fuel

Jet Velocity
Bottle Pressure

Tank Pressure

Chamber Pressure

Dry Welght

Specifiec Impulse

Total Impulse
Veloelty

Ref'arences

V-1-A, =B, «C -D and -E o
SCH¥IDT-ARGUS REED MOTOR .
argus Motoren Werke
Berlin/Reinikendors
Power Plant for flying bomd V-1
Schmidt -~ Pinal development by Argus
500 1bs, to 700 1lbs, about 70 HP at

About 30 minutes for life of valve
35 to 5 1b/hour/1lbs, thrust
Ram air

Benzin-~low grade gasoline

800-900 ft/sec, {(theoretical)

400 wiles/nr.
Das Schmidt Rohr



V-l=-4, =B, -C ~D and -E
SCHMIDT—ARGUS REED MCTOR (cont'd)

Remarks : Snaefert at Ainring worked on the
improvement of Schmidt Rohr valve. The inlet area was
improved by removing some of the cross bars in the grid
fraues, Prevented nibbling and chipping by allowing the
reeds to close on cne anotner. They increased sfficiency
by lengthening the duct and improving the streamlining of
inlet housing. B0% increase in efficiency. To investi-
gate valve timing (Pigure 15) they used a double rotor
valve with teet: for positive cutoff on closing. Effi-
ciency was increased about 40%. N20 was tested by Buss-
ing by mixing it with gasoline giving an increased thrust
of 15% to 20%. However, this was a very preliminary in-
vestigation and very little data had been collected before
the close of tke conflict. , v
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7. CONCLUZIONS
{a) German rocket motor devsloyment is in advance of

the Americsn progran by at lesast four years in relation

praciice, ap;lication, and magnitude both of t.e power plank size

and the scale of production. There are numsrous novel
features in tie feed systems and meti:wods of control. It is to
be noted, nowever, that tre motor operating efficiencies are

not exceptional, and it is belisved that in certaim phases

of development, U.5. power plants ars superior. In a large

measure L is superiority has been because of a greater supply
of critical materisls in the lnited otates.

{b) The German rocket fuel program was very extensive
end many Tuel systems were investigated. The most outstanding
fuel system was the one inat used nydrogen peroxide. liowever,
1T must be considered with much reserve because ol the
. explosive nature of HZ02. For this reason certain research
groups in Germany preferrsd the nitric acid system,
althoucn the acid was somewnat more difficult to handle
logistically.

{c)Liquid propellant JATO devices wers generally
discontinued except in cases where long running time was
desired.

{d) Solid propellant units were coming intc use in
their stead, because they invclved a simpler randling
wrobled, ‘

(¢) Very little work had been done recently with liquid
oxy_sn aystewis as aircraft prime movers. The source of supply
of 1igquid oxygcen was available only fo the V-2 prograzm and
had not been sclved satisfactorily.

(f) A1 test flights on the Me 163 were made with

H20Z motors although an acid motor had been developed for the
purpose. :
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CONCLUSIONS (cont'd)

(g} The difficulties with cavitation, leakage
and H;0, explosions iIn flight had not besn corrected
entirely at the end of the war, although a great a-
mount of development work was being done In this
connection. )

{h) 1In the early stages of development the mis-
sile power planta consisted of liquid propellant JATO
units which were used for the preliminary experimen-
tal flights, Having gained the necessary information,
many motor units were designed and built for indivi-
dual application, the trend being toward the simplest
of systems and fuels.

(1) The scid-hydrocarbon fuel system was con-
sidered the most desirahle because of the avallabili-
ty of the nitric acid, Used with the simplest of con-
trol valves, such as franglible bursting diaphragms in
the propellant lines, this motor unit was the least
expensive to manufacture and was reliable enough for
the purpose intended,

(j) An important feature of the acid system wes
that 1t could be charged with fuel and stored for
long periods, thereby improving the supply and hand-
ling situation. :

(k) It appears that the general trend was to-
ward soli¢ propellant units for small rocket mlssiles
and JATO units, liquid units being designed for high
thrust with long duration.

(1) Development work was being carried on to
increase efficlency and running time of the V-1
resonant duct engine. An increased thrust of 20%
was effected by injecting en oxygen carrier into the
fuel system., This development however was in an ex-
tremely preliminary stage and little data had been
accumlated,
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CONCLUSIONS {cont'a)

(m) Ramjets or athodyds were investigated by HWK, Saenger
at LFA and IPS, Lippisch in Vienna, Pabst at Focke-#ulff, and
Oawatitsen of K¥I- Goettingen. The Pabst unit was a very
important development. Ramjet work at Walter Works had made
great strides also. Very few of the ramjet power plants had
been flight testled and none had been used operationally.

(n} A jet helicopter using the Doblhoff air blower system
was test flown successfully.
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8. RECMMENDATIONS

(a) It is recommended that certain of the Visol
and Tonka fuels be tested, for use in the U.S, missile
progrom &8 & possible solution to the viscosity-temper-
ature problem, :

(b) Dr, Schmidt of the HWK and/or some of his
staff might well be brought %o the United States to

ssist In the further development of alrecraft rocket
pIonts,

(¢) Improvements and test stand runs be made on
the Me-163 power plants before flight testing.

{(d) Such features ~s the powder squlb pressuring
valves, and frangible disc propellant valves used in
the German missile power plants be incorporated in the
present missile power plants 1n process in the U.S.

(e) A development program be established for
further investigation of the HWK Injector throttlling
method, ejector pumps, nd motor jacket rellef valves,
for uce in other plant systems now underway in the U,.S.

(f) Some study be made concerning the Lipplsch

coal burning ramjet for applic~tion to controlled
missiles,
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9. REFERENCES

(a} HWK Operation Handbooks - 109-5094-1, C-1

(b} U.S. Naval Technical Mission in Burope Technical
Report No. 134-45,

{c) CI10s Report of Dr. Clapp.

(d) Army Peenemunde Report - Investigator Dr. Zwicky.
(e) Army Nordhausen Report.

(£} Das Schmidtrohr - Paul Schmidt.

{g) HWK System - microfilum.

(h) Schmidding documenta.

(1) Tochnical Intelligence Reports I-56, I-51,
1-52’ 1-63, 1-460 . :

(J) LPx Puels report - Dr. Lutz - Dr. Noeggerath
26.3 - 1.4.430 '

(k) Microfilm Peenemunde Group - collected by Dr.
Zwioky.
It is important that these documents and reports be made

available to all power plant groups in the United States as
8oon as they are available,

Prepared by:

LONELL LAWRENCE
USN Technieian.



APPENDIX "a"

MICROFILM PERTAINING TO ROCKETS AND GUIDED MISSILSES

REEL NUMBER DATE SENT TO "6 NAVY TITLE

3P, 2A 23 July 1945 Flight tests on the
Heimstschutzer II, 0
Mo 262 Aircraft with
Two (2) He S-01l1 in-
sta1lations and Two (2)
Walter Rocket Installa-
tions - Performance
Charts.

" n " " Comparison Calculatlon

charts on the Me 262A
Heimstschutzer II with
Two (2) He S=011 and
Two (2) Welter Rocket
Installations and the
Me“les CI

157 17 July 1945 Testing Instructions
. for leunching gear for
v-I for possible Naval
Use, 1945

82 30 June 1945 Two (2) coples of tem-
porary opercting instreu-
tions of the R-109-718
Rocket installations used
in conjunction with the
JIM 109-003R Jet Engine.

82 o " Instructions and safety
rales when refuellng
with "SALRZI" (S-Stoff)
and "TONKE" (R-Stoff)
Raocket Fuel Material,

" L Bricf description of the
Heimstschutzer I as used
in conjunction with Me-
262 having JUMO Jet eéen-
gines and the Welter
Rocket Installations.
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APPENDIX "A" (comt'd)

TITLE

REEL NUMBER  DATE SENT T0 US_NAVY

82 30 June 1945
T 2 July 1945
" " 1]
L] ‘ L} [
" it ]
146 30 June 1946

- 86=

Brief description of the
Heimatschutzer II as used
in conjunction with Me—
262 having BMY jet engine
Flus rocket installations.

Two copies of 18 blue
prints of a 109-718
rocket assembly.

Two copies of 7 blue-
prints of a 109-508
rocket assembly.

BMY¥ board meeting from 6
Pebruary 1945 to 9 March
1946 regarding production
planning and changes :n
Rocket activities; Report
on.

General description in-
cluding performance data
on the combination BMW
109-003R (Jet Type Engine)
with a 109~718 rocket
assembly for increased
taks~off and c¢limb perfor-
mance on heavily armed
fast fighter type aircraft.

¥iscellaneous research
reports from E'stelle
Rechlin Pesnemunde Division
on the H3 293, and 294,
Pritz X and other guided
missiles. 1942-1943.



\PPENDIX "A" (cont'd)

ﬁ NUMBER DATE SENT TO US NAVY

TITIE

S0 Jane 1945

I

30 June 1945

Ll L] 1" "

=87 -

Miscellaneous research
reports and correspondence
Pertaining to Frits X H3
293 DV 143 and other
directed misslles, from
Peenemunde, 1941-1942

Two booklets with drawings
by the Rhinemettal-Borsig
factory containing deserip-
tions, picturss and plans
on the first design datod
fpril 1943 and description,
pictures and plans of the
se¢rnd. design of, the
Rheintochter I and III -
directed anti-aircraft on
EZL 147.

Miscellaneous research re-
ports, pictures and corre-
spondence on HS 293 and

294 and other guided mis-
siles including actual
reports of operational
employment of these weapons
1944,

Miscellaneous research re-
ports, plctures and corre-
spondence of the HS 290,
298 and other @direct mls-
siles, One report of a
study of defense against
V-It's, reports on the
operational employment of
directed missiles, tele-
types to research ccnter
at Karlshagen pertaining
to the X-4 and HS 293, and
other assorted documents
on guided missiles and
secret weapons.,




APPENDIX "A" {cont'd)

RESL NUMBER DATE SENT TO US NAVY TITLE
?
148 30 June 1945 Correspondence. between RLM ,CPLVI?

and Kheinmetal-Borsig con-
cernirg the Rheintochter
oroject. 1944

kiscellanecus reports

wita photographs and draw-
ings on the development

and research status on the
Rheintochter I and III
comprising data, on varicus
parts and accericus during
the end of 1343 and 1944.

A et of basic drawings of
thelkneintochter III 19<4.

Miscellaneous correspon-
dence desaling with research
on the control mechanism of
the Rheintochter. 1944.

Report on steering experi-
ments and various speed
messurements of models of
theRheintochtsr. 1944.

Description of liguid fuel

/ driven directed anti-air-
craft rockets, (Rheintoch-
ter III). 1944

149 " " " Correspondence with pic-
tures and’blue-prints of
the electrical ¢ ntrol
esuipment for the Rhein-
tochter. 1944,

~88-



APPENDIX "A" (cont'd)

REEL NUMBER

DATE SENT TO US NAVY

TITLE

30 June 1945

lrﬁo
Irsz

30 June 1945

it : " " n

un " n "

||53 nooe

30 n " ]

-89

Several folders of details
with plctures and drawings
on various tests and ex-
periments of the Rhelntoch-
ter III and II during 1943,

and 1914,

Miscellaneous correspon-
dence between Rheinmetall
and sub-contractors per-
taining to preduction and
experiments on the Rhein-~
techter, 1944,

- Miscellaneous test reports

on electrical and radio
control equipment of the
Rheintochter, 1943,

Miscellaneous correspon-
dence, bluc-prints and lists
concerning experimental re-
search of the Rhelntocnter
including a list of code
names for the Rheintochter
project.

Installation instructions
with pictures and parts
lists 109-509 A Walter Roc-
kets, One report entitled
C-Stoff pertaining to the
physical and chemical
pecullarities of the fuel
for the Walter Rocket, 1944

Five files from Herr Leid-
reiter PLM representative
at Mittelwerk pertaining to
application for miscellane-
ous changes 1n the construc-
tion of the V-2,

RLM?



ATFENDIX "A" (Cont'd)]

REEL NUMBER DATE SENT TO US NAVY TITLE
139 30 June 1945 Pive preliminary test re-

portz for the V-2, at vari-
.ous stages of construction,
such as elactrical pnetmatic
tests on the motor head and
other tests pertaining to
the main body of the Rocket.

Twelve folders of assembly
plane containing numerical
indexes on assembly of
ruddsrs fuel containers,
various parts.of the body,
electrical c¢ells and other

intricate components of the
V=2,

One folder on preliminary
inatructions on production
plana for assembly of the
7-2. 1945-

. \
140 . » " Inspection report submitted
on assambly modifications
of the V-2, 1944-1945.

Report on failures during
launching of various V-2's
1944-1945,

Lists of all V-2 subccn-
tractors and all PLM agencies
dealing with V-2 productions.
1943 and 1544.

.142 - . - " Blue-prints on various test~
ing apparatus for the Honnef
{electrical steering appara-

“tus as used in conJunctlon
'1th the v-au 19440

=90~



APPANDIX "A" (cont'd)

REEL NUMBER DATE SENT TC US NAVY TITLE

142 30 June 1945 Description and testing
instructions on the Vie-
toria (steering mechanism
for the V-2) 1945,

" nee " A folder of despatch lists
of completed V-2%s to var-
jous firing sites up March
30, 1945.

" von " Miscellaneous folder of

proposed modifications of

various parts of the V-2,

1945,

" woom " A folder entitled "Only

copy of modification from
number 106 to 286 that are
to be accomplished on the

V-2, .

155 - e n . One folder of wind tuznel
experiments from Alr Re-
search institude Graf Per-
taining to a Rocket entitled
"Drache",

128 29 June 1945 Drawing of the front and
back and complete sketch
with part list gor the Tal-
fun Rocket,

136 noo " Various reports by the
Mittelwork Manufacturing
Co. on the productlion con-
dition of the V-2 at various
stages from Aug. to Sept,
1944,

-01-



APPENDIX "A" (cont!d)

REEL NUMBER DATE SENT TO US NAVY

136 | 29 June 1948

137 "

138 L

TITLE

Organization and service
instructions for the pro-
duction inspection section
for the V2 at Mittlewark
1944,

Desoriptions and pictures
of the various parts manu-
faptured and the different
V2 constraction groups,

Preliminary tests instrmo-
tlons for the original
testing of electrical acces-
sories for V2 at Mittelwork

Miscellaneous correspon-
dence and reports on the V2
about various visits and
meeting with V2 subgontrac-
tors b Herr Leldwelter, PLM
representative at Mittelwork.

M!scellaneous correspon=-

dence regarding production
delivery, launching results
and failure reports on the

: VB. 1944“1945.

Correspondence between Aganlc
Werke and Mittelwerk on the
production, shortages, and
failure reports on the rudder
machine for the V2, 1944,



APPENDIX "A" {cont'd}

REEL NUKBFR DATE SENT TO US NAVY

TITLE

138 29 June 1945
" " n "
116 16 June 1945
" . #

Reports from the various

V2 launching companies on
the condition of the V2's
upon arrival at the launch-
ing ¢ities. PFurther more
reports by the same com—
panies on the behavienr of
the ¥2's during lmunchings
on success or failure there-
of.

Miscellanems correspon-
dence, productions records
and testing records fram
the Voss-Werke Barstedt
pertaining to the V2 Teller-
boedan {flat bottom) 1943~
1944,

Flan of a Jet Bngine 109-
003 with attached R-Equip-
ment, 1943.

Blueprints of the Rockest
Starter Unit of the Me 252,
1845,

Das Schmidtrohr, LFA report

on Puels {Dr. hoeggrroth
Dr. Lutz).

36-243 W, B. & Co, Ltd. 1) 45





