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ELECTRo-MECHANISHE WERKE (PEENEMlJNDE) 

The Electro-Mechanishe Werke was a very large organis
ation divided into five departments. Each employee had a 
number on decimal system, the directors carrying single 
numbers, departmental heads two, section heads three, etco 
The organisation was arranged as fo1lows:-

EW.1. 
EW.2. 
EW.2.1. 
EW.202. 
EW.2.3. 
EW ... 2.4. 
EW.3. 
EW.4o 

EW.'o 

Directors 
Development 
Design 
Electrical 
Ground Installation 
Progress 
Supply 
Test 
Purchase 

In addition to the Peenemunde establishment various 
subsidiary works were maintained elsewhere such as at Ank
lam, Kummersdorf, Bleiche~ode, Lake Constance. ' As a result 
of the Russian advance it was decided at the end of Feb
ruary to move most of the establishment to Bleicherode in 
the Harz Mountains. At the end of April with the collapse 
of the Western Front they were ordered to Ober Ammergau, 
but stated they feared extermination by the ·S.S. so they 
scattered to 12 villages around. They were collected for 
interrogation at Garmish-Partonkirchen. , rail cars full ot 
radio and electrical test gear were found at the station at 
Peiting. The contents were examined and after an inventory 
had been made were returned to the trucks. 

The Electro-Mechanishe Werke was set up to investigate 
liquid rockets using A storf . a cover name for liqtild. oxy
gen. Separate reports are attached dealing with the three 
main weapons produced at Peenemunde, namely the A.4, Wasser
fal and TaifUno The history of Peenemunde is given in Prot. 
v. Braun's ftSurvey of Development of Liquid Rockets in Ger
many and Their Future Prospects". (Appendix 1). Appendix 
2 gives in chart form the particulars of the full range of 
"A" weapons from A.l to A.7 and the future A.9 and A.IO. 
These weapons were developed over the years 1933 to 194,. 
The work was originally done at the Rocket Experimental Sta
tion, Berlin, but Peenemunde was constructed in 1.937 to 
1938 at a~ost of 300,000,000 marks to provide a secluded 
research station with apparatus to observe the rocket in 
flight along the Baltic coast. It was stated that the A.4 
was the first of these weapons to be tested at Peenemunde. 
(DR.SCHILLING) 
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A.T.O! Units 

In addition to the weapons A.l to A.lO, Prof.v.Braun 
mentioned that they had developed in 1937 to 1938 a liquid 
oxygen assisted take off rocket which gave a thrust of 1 
tonne for 45 secs. He could not remember the empty weight 
of the rocket, but thought that a pair ,would weight between 
500 and 700kg. He stated ,that they weighed the same as Dr. 
Walter's H202 rockets but developed twice the thrusto 

Expulsion was by nitrogen ignition by firework and 
the oxygen vent.valve was electrically operated. The com
bustion chamber was cooled by alcohol and they were dropped 
by parachute. These A.T.O. rockets did not get accepted by 
the G.A.F. because, due to evaporation, it was not possible 
for a number of aircraft to take off at the same time. Ab
out ha~f an hour after they had been filled, a bell rang 
to indicate to the pilot that the appliance required topping 
up. If a flight of aircraft was about to take off1 the bell 
might ring and delay the take off of some of the alrcrafto 
Profov.Braun stated that he thought the empty weight of A.T. 
O. units was unimportant because of the greatly increased 
thrust given to the aircraft. He said that Dr.Walter's 
three fluid rocket was still in the experimental stageo 

Test Stands. 

There were 11 test stations at Peenemunde East, reading 
from North to South as follows:-

Test Stand No.7. 

'This was the test station in the large oval. The walls 
contained instrument "bunkers". The wall of the oval was 
not designed because of blast, but was meant to shield the 
test station from the sea wind which brought in sand. 

There was a large rigid scaffolding in which the A.4 
was strapped vertically, the whole was suspended from a 
large weighing machine so that from 1942 a complete rocket 
could be given a hot static firing test. The rocket was 
suspended about ?m abo.ve the ground and the gases were 
directed into a concrete pit shaped like a Wo This pit 
deflected the gases upwards and wa.s lined with molybdenum 
steel water pipes through which 500 litres of water per 
sec was circulated. The rockets were brought out of the 
large shed in which they were stored and adjusted. They 
were carried by a conveyor crane which-lowered them into 
the scaffolding. The crane was kept there to protect the 
test workers from the weather and was then moved before 
firing. (ENG. TESS1~NN) 
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In spite of some evidence t o the contrary a statement was 
made that actual flight fi r i ngs were also carried out with
in the ovalo 

Test ~~an<.! .Nool. 

This was also des igned t o enable the test t o be made of 
a complete rocket, but it was not regar ded as satisfactory 
as No.7o 

Test Stand NOoB. 

For static tests on thrust motors onlyo 

Test Stand No.9 g 

For testing the Wasserfal. 

Test Stand NO o 29 

This small stand was used for testing It tonne rockets 
presumably A.3 and A.5. Later was used for testing valves 
and components. 

Test Stand No.4 and 3. 

Used for A.T.O. Units. 

Test Stand No.5. 

For testing Turbo-Pump uni ts for A.4. 

Test Stand No.6 • 

. Wasserfal. 

Test Stand 10 and 11. 

Situated one on the sea s hore and the other i n the 
circle inland, were used f or f l i ght fi r ings of A. 4s and 
Wasserfalo 

The Ao 4s arrived by r ailway and went into the big house 
where they were picked up by two cranes , the larger 32m high 
picked up the nose of the rocket by means of screw bolts 
screwed into the head. The small crane picked up the rocket 
in the middle and the rocket was transferred to vertical 
position. It was taken to Test Stand No. 7 in a Brennstand 
wagon. (ENG.HEUER) 
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LIQUID OXYGEN 

Liquid oxygen was made at Peenemunde. They had two 
compressors (each two cylinders). The storage tanks were 
spherical. They had two each 50,000kg capacity suspended 
from an iron scaffolding and insulated with magnesium pow
dero The liquid oxygen was made at the rate of 500 to 600 
kg per hour. Peenemunde also received supplies of liquid 
oxygen by rail wagon holding 22,OOOkg o From the rail 
wagon or the storage installation the liquid oxygen was 
taken to the test stand in road wagons of which the small
est held 5,OOOkg and the largest 8,OOOkg. The road wagons 
were insulated with 30cm of magnesium powder. (DRIVER MAN
TEUFFEL) Eng. Barwald who was in charge of the liquid 
oxygen chambers for the A.4 said that the road wagon could 
hold 6,700 litres and were insulated with 5cm of glass wool 
(Hyporka) with a sheet metal outer covering. The loss from 
this wagon was 350 litres per 24 hour day. The liquid oxy
gen was pumped from the road cars "to the A.4s by means of 
a portable petrol engine driven pump which could be carried 
by two men and mounted on the road cars o 

The liquid oxygen was transferred from a road car to 
the inside of the A.4 by means of a long rigid pipe 7cm 
inside diameter covered with woven insulation. 

Co-ordin~tion of Peenernunde Technical Data. 

Some 400 persons were maintained at Divisional Head
quarters, Garmish-Partenkirchen for interrogationo Among 
these were many important men such as: 

Gen. von Dornberger, in charge of all Rocket 
Development in Germany. 

Prof. von Braun, Technical Director. 
Dr.Steinhoff, Head of ~he Electrical Section. 
Dr.Schilling, Static and Firing Tests. 
DroDannenberg, Head of the Design Section. 
Dr.Fricke, Chief Designer for Solid Rockets bf 

Rheine Metal-Borsig o 

Unfortunately Dr. Tchinkel, the Chief Chemist was 
missing. All files and drawings were alleged to have been 
taken by S.S. Gen.Dr.Kammler1 who may possibly have walled 
them up in a mine shaft at Bleicherode. Only 450 people 
were ordered to evacuate to Ober Ammergau out of the 4,000 
who left Peenemunde for Bleicherode. or the 400 in Garmish
Partenkirchen, Ben. von Dornberger and Profovon Braun pre
pared a list of some 200 persons whom they said were of 
minor importance and could be sent to their homes o Every
one of these persons was interviewed and a proportion were 
earmarked for further retentiono 
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The rest we re given transport. towards their horne di s t ricts. 

With regard to the 200 qualified engineers and scien
tists who remained at Divisional Headquarters, Garmish
Partenkirchen, it is obvious tha t in the course of two to 
three weeks work, it was quite impossible to extract the 
full story of the rocket weapons or to go deeply into any 
one of the scientific facts ·of this work. From the psycho
logical pOint of view although up to now most of the staff 
have b~en willing to talk, whether or no this will continue, 
will depend upon whether one can foster the confidence that 
the team will not be dispersed and may have the opportunity 
of continuing their work even if only on a very much reduc
ed scale. The attitude of co-operation maintained up to 
now has been mainly due to the lead set by Gen. von Dorn
berger and Prof. von Braun, who take up the attitude that 
if they can convince the British and Americans of the value 
of their work, there is a chance that facilities may be 
offered in England or America for continuing it. Dispersal 
of the Section Leaders or removal of the management will 
destroy this attitude and the team as a whole may no longer 
be technically helpful. Should authorities wish to obtain 
the high altitude data as proposed by Prof. von Braun or to 
launch A.4s and A. 9s, much t-ime could be saved and risk to 
material and life avoided by utillzing the unique experience 
of this team of workers o 

A. 

In the course of interrogating some 40 persons, the 
following details were obtained 1nrespect to the 
construction, test and operation of Rocket A.4. 

War Head. 

Sometimes when rockets were launched they failed to 
fly along the controlled path, or due to a fault in the el
ectrical connections the Power Cut-Off (Brennschluss) took 
place too early. Then the rocket would fall back to a place 
on or near the launching site. If the firing "programme" 
had not been completed the War Head did not exp~ode on ~each
ing the earth because the fuze was not armed u~il the end 
of the "programme". On the other hand such an accident 
usually resulted in an oxygen-alcohol fire and due to the 
heat generated the War Head was likely to explode at the 
end of half an hour. (PROF. v. BRAUN) 

Skin Temperature. 

Measurements have been made to ascertain the skin 
temperature reached during the rocket's downwards flight 
through the atmosphere at supersonic speeds. These were 
obtained: 
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(a) By means of models made of rubber-like materials 
in the surface of which thermocouples were inser
ted o The models were tested in the Peenemunde 
wind tunnel~which were later removed to Kochel. 
The temperature of the skin was found not to 
exceed 6000 C. (DR.HERMANN and DR.KURTSWEG) 

(b) The skin temperatures were measured in flight by 
a method described by Dip. Eng. Schuler. Small 
discs of various metals of known melting point 
were inserted into the skin of the rocket and con
nected to electrical circuits. As each patch 
melted a signal was transmitted by telemetering 
to the observation station. The .skin temperature 
now here exceeded 6500 Co Prof. v.Braun demon
strated that although the film stagnation tem
perature might be as high as '11000 C, due to 
soakage and radiation, the skin temperature was 
not likely to exceed more than half this figure. 
Re pointed out that if meteorological examina~ 
tion was made of fragments after an air burst, 
it would give a misleading result because such 
frag~ents would be heated to higher temperature 
than the normal skin temperatUre as they would 
be receiving heat on bot~ sides of the skin dur
ing their passage as fragments through the at
mosphere. Further the force of the explosion 
would give these fragments an abnormally high 
velocity. 

B. Alcohol Tank. 

According to Document B.14 which describes the choice 
of timing of the Brennschluss, the normal fuel content wou
ld be 3,797 Kg. of 75% ethyl alcohol and 25% water. During 
flight this tank was pressurized to 1.4 atmospheres. For' 
40 sees. this was achieved by ram compression through the 
pipe leading to the War Head. At the end of 40 sees the 
rocket reached a height 'where ram compression was no long
er effective, so that the valve was shut by the "programme" 
control and thereafter by the nitrogen bottles in the rad
io compartment. The fuel tank was kept pressurized through
out the whole of the flight. (DR. ~OIKE) 

No definite answers were obtained to queries regard
ing the cause of air bursts and it would appear that they 
were either uncertain regarding the cause, or unwilling 
to divulge it. Several persons (among them Prof. v Braun 
and Eng. Finzel) mentioned the difficulty of p~serving the 
fuel tank during its downward path through the atmosphere. 
Apparently it was likely to be destroyed due to: 
39209-2 - 8 -

.. 

• 

.. 



(a) Excess differential pressure between the external 
atmosphere and the pressure within the tank. 

(b) Differential pressures on the fore and aft ends 
of the tank due to aerodynamic distribution of 
pressure on the outside skin of the rocket. As 
the skin was by no means air tight the pressure 
distribution within the rocKet corresponded to 
that on the outside skin with a corresponding 
tendency for the tanks to have a large resultant 
force exerted on them towards the tail of the 
rocket o This tended to tear the tanks away from 
their connections to the chassis with consequent 
tank collapse which might cause an explosive mix
ture of alcohol and oxygen to be brought into 
contact with the external skin at a temperature 
of 5000 c to 6000 c. 

In order to overcome these difficulties a new method of 
supporting the tank was developed. This involvod holding 
the tank in broad sheet steel strips which Were in turn 
attached to the chassiso Such a tank was found Bliznao 
About.a hundred of this type were made and they avoided we
lding the suspension connections to the skin of the tank. 
They were rejected for operational use as it was too heavy. 
The capacity of the fuel tank was 4,460 litres. Some lar
ger tanks were made for Ao 4 towards the end of the war, 
but were never used (ENG. FINZEL) 

c. Oxygen Tank. 

The capacity according to document B.14 up to the over
floVl point was 47960 Kgo The same document describes the 
loss by evaporat1on while standing preparatory to being 
fired as 2 Kg. of liquid oxygen per minute. The range 
tables were drawn up on the assumption that a 30 minute 
wait before firing involved a loss of 60 Kg. 

Prof o v. Braun said that sometimes during the filling 
operations they would be interrupted by enemy air raids o 
This caused a wast,e of liquid oxygen and under pres sure 
from those ,responsible for the operational handling of the 
rocket, lagged oxygen tanks were tried. Prof. v. Braun 
said that the lagging was not successful as its heat capac
ity was such that it transmitted a large quantity of heat 
to the ox~rgen and this during the filling operation actua
lly increased the loss of oxygeno The filling operation 
only took 12 minutes" 

Although the Stoichemetric ratio of oxygen to alcohol
water was 1:0.64, they used operationally a ratio of 1:0.85 
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so that the equi valent of 3,797 Kg. of alcohol \'!ould be 
4,480 Kg. of liquid 0iiygen. (PROF. V.BHltU!·;) 

There would be some 400 Kg o of SUrpll] [; oxyeen anc:.. C'l 

quantity in exc ess of th i s might have beer. 18ft in the ox
ygen ta.nk after Br ennschJ uss o 

The vent valve was of an ingenious design and the ob
ject of the double seats was to enable the valve to open 
and shut at lower prp.ssures. The valve served a double pur
pose. It could be held shut by high pressure nitrogen. 
It was so held shut to the moment of filling began and also 
during the firing period. The valve also acted as an auto
mati c relief valve, opeaing and shutting to maintain a 
pressure of 1.2 atmospheres (gauge). During the operational 
peri od the' heat exhanger was designed to maintain a pressure 
of 1.5 atmospheres (gauge) at the suction side of the oxy
gen pump. (DIP. ENG. ZOIKE) 

In order to prevent collapse the oxygen tank was main
t ained with an internal pressure throughout the whole per
iod ot flight. They realised the danger involved if the 
vent valve failed to re-open at the end of the opera t1onal 
period, it being felt that the chance of it being iced up 
was remote. It was connected by a long pipe' to the outer s l~
i n of the rocket. The valve was shut until filling begano 
Due to this the gases only passed in one direction, that 
is, from valve to atmosphere and hence there was no oppor 
tunity for moisture to get to the valve with consequent 
ice formation. It was agreed that the danger s associ a t ed 
with ice were far greater on wet days. The small Buna Pis
ton used in the vent valve was adopted in spite of the ad
vice of experts, but proved very sa tisfactory in op~ rati~n . 
(PROF. v. BRAUN) 

D. ,eat Exchangero 
Liquid Oxygen-steam) 

This was designed by Eng. Bodurfrig who was not amon
gst the staff kept for interrogation at Garmisch. 

E. Main Oxygen Valve, 

The main oxygen and alcohol valves when not pressurised 
by high pressure nitroge~ were both open about 8 m.m. The 
oxygen valve with which we are familiar, having a small 
control valve was an experimental typet the small valve 
being eliminaied in later production mOdels. The rhoostat 
was used to check the operat ion of the valve on the test sta
nd by means of a Wheatstone Bridge and Oscil10graph, but 
the troops in the field used the electric contact to check 
t hat the valve opened and shut correctly. (PROF.V.BRAUN). 
392.0,-;t - 10 -
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They had a great deal of difficulty with the packing 
rings through which the operating piston of this valve slid. 
They tried Buna but it was not satisfactory because, altho
ugh it did not break up at liquid oxygen tempera ture, ,i t 
lost its resilience. Eventually they found a synthetic sub
stance IGAMIT made 'by Venditor Kinstoff Fabrik of Fruisdorf, 
Nro Cologne. They used this sUbstance as the resilient 
outer sheath of the rings and had a centre hard core of tape 
wound construction vulcanized. The first sampl~s of IGAMIT 
were extruded and proved to V9 very resilient at low temper
atures. Later on when the rings were de~ivered, having been 
manufactured by pressure moulding, they were no good. (ENG. 
PAS TWA) 

F. Turbo-Pumps, 

Eng. Hubner who formerly worked with Prof. Walter Keil 
went to Peenemunde and supervised the test of the Turbo-
Pump units on Test Stand NO o 5. He gave the following data 
regarding this unito The ratio of T stoff to Z stoff was 
14:1. (Storage capacity 130 litres T stoff, 10 litres Z 
stoff). \Vhen the electrical contact was made to start the 
Turbo-Pump unit, both T stoff valves (main piston and sblo
noid by-pass)-opened together and the unit came up to full 
speea in 3.5 secs. (Dip. Engo Zoike in his description of 
the starting cycle said 2t secs to full speea. Prof. Vo 
Braun said 1/5 sec.) On the test stand the unit ran at 4, 
000 R.P.M. developing 540 H.Po During operation, the revs 
were from 3,600 to 3,800 R.P.M. At 4 tOOO R.P.M. the con
sumption of T stoff and Z stoff is 2., Kg/secs. Should any
thing go wrong with the turbine least it should go too fast, 
it is provided with a "snellschlusse" which cuts off the T 
stoff at an over-speedo 

The steam temperature as fed to the turbine was 400-
4200 Co It was essential that this should be kept constant. 
The T stoff as provided 1n the field would vary in its con
centration and so adjustments had to be made by adding, more 
or less water to the Z stoffo (PROF. V. BRAUN) This accoun
ted for the rather unusual ratio of T stoff to Z stoff since 
fvr G.A.T.O.R. and H.S.293 the ratio was approximately 25:1. 

The steam pipe was ins~lated for a dual purposeo To 
(1) keep the steam warm and (ii) to prevent fires which might 
occur should there be an alcohol leak in which case the al
cohol might get splash~d on to' the bare steam pipe and ignite. 
The Z stoff was poured in from a can at the last moment be
fore firing . It was warmed to about 300 C and might drop on 
standing to 5OC o The tank was described as being capable of 
standing for two hours at ~200C. If after a certain time 
the rocket was not f1red, a door was opened in the ,side of 
39209-;2. - 11 -



the turbine chamber and a lance inserted which blew hot air 
over the Z stoff tank (the air was heated e~ternally by 
electric means o ) 

Proto Vo Braun said the Turbo-PUmp chamber did not get 
very cold due to a thin aluminium diaphragm which stretched 
right across the rocket underneath the liquid oxygen tank. 

The range was controlled by the timing of the Brenn
schluss o They must have met severe difficulties due to 
"water hammer" which caused them to shut down in two stages. 
stage 1 at the Vorkommando reduced the thrust from 25 tonnes 
to 10 tonnes in about 2 to 2t secs o This was achieved by 
shutting off the main piston ope~ating the T stoff valve, 
thereby reducing the flow of T stoff to 1/3 of its norma~ 
volume the revs now being 2,000 R.P.M. Later the solenoid 
T stoff valve was also shut and the thrust drops to nil in 
about 2 sees. There is a variation of this procedure which 
makes the pre-shut off stage 8 tonnes thrust. 

Care is taken that no T stoff should enter the re-act
ion chamber until there is an assured supply of Z stoff. 
The Z stoff on entry operates a diaphragm contact which in 
turn makes the necessary electric contacts to cause both T 
stoff valves i;o open. This diaphragm c'ontact is. known. as 
the Rubidkontact. 

Go Reducing Valve for Turbo-Pump Unit and Serve Valves. 

The reducing valve was designed in Peenemunde. It had 
to control the low pressure at 3'3 atmosphere (gauge) with 
a reliable variation of 0.6 atmospheres. The valve was 
supposed to function while the high pressure bottles dropped 
from 200 atmospheres to ,0 atmospheres (gauge). The valve 
contains two flexible diaphragms and its adjustment is 
sensitive to variations in temperature. When cold the valve 
does not function so accuratelyo In order to counteract this, 
the valve was electrically heated. (ENG. HOYER) 

Eng. Bottcher was employed on testing reducing valves. 
The valve was tested by blowing nitrogen through from some 
high pressure bottles and allowing the high pressure to re
duce slowly while the controlled pressure on the low press
ure side was measured. He did not know the magnitude of the 
gas flowo The measurement was made by means of a Bourdon 
Tube, plus a Potentiometer, plus Oscillograph. The manufac
ture of these valves was carried out by three or four exter
nal firmso Another reason suggested for electrically heat
ing the valves was to counteract the cooling of the nitrogen 
as it expands in the reducing valve. From 1944 onwards a 
great deal of the work on the rocket fittings was carried out 
at Anklam, about 40 to 50 Km. away from Peenemunde. 
39;1.09-2 - 12 -
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The normal delivery pressure of both pumps was 25 
atmospheres (gauge). (ENG. HOFFMANN') 

During the function of the power plant due to the 
quantity of liquid oxygen in passage from tanks to combus
tion chamber t the ambient temperature around the Turbo
Pump unit and combustion chamber fell to -lOoC. 

H. Combustion Chamber and Burners o 

Prof. V. Braun said that the design of burner cups was 
his essential patent and formed the basis of all the "Aft 
weapons. Just as T stoff was used as a COver name for Hy
drogen-Peroxide, so A stoff was used for liquid Oxygen. 
There is a fair amount of evidence to indicate that most 
of the fundamental research associated with_ the "Aft weapons 
was not done by Prof. v. Braun and his staff, but was carr
ied out by various Professors at the Dresden Institute of 
Technology and at other similar inst1~t1onso The early 
work at Peenenrunde before the war was cOl!centrated on 1 
tonne thrust chambers (probably for A.T.O. units). These 
chambers operated with only one burner cup with the type 
of which l8 are employed for Ao4o The next stage was com
Bustion chambers with 3 burner cups for 4 tonne thrustso 
From ·this stage they went straight to the 18 cup assembly 
for A.4. It was preferable for the liquid oxygen and the 
alcohol to arrive simultaneously, but if one had to come 
first it must be the oxygen. In practice they found that 
it took about 1 sec to establish the flow of li~id oxygen. 
(ENG. LINDENBERG) 

It is reported that in 1939 to 1940 Prof o Beck at th~ 
Institute of TechnolOgYl 

Dresden, carried out fundamental 
research on the combust on of alcohol and liqUid oxygen. 
Small combustion chambers were built for experimental pur
poses. One of these had a thrust of 1 tonne. Experimental 
chambers were run for one minuteo They were established in 
an experimental station at Kummersdorfo In 1940 Prof. Beck 
was transferred to the Institue of Automobile Engineering, 
Berlin, where he died the follwoing year. 

It was reported that the combustion system of the A.4o 
was invented by Dr. Thi~1o He was killed in the first 
large raid. 

Eng. Hans Lindenberg said that from 1930 onwards he was 
doing research at the Technical School, Dresden on fuel 
injectors for deisel engineso He stated that the design of 
the fuel injection nozzles for Ao4 was settled at Dresden. 
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They had a l aboratory for measuring t he output and for 
photographi ng the spray of the al cohol jets . Eng. Linden
berg sai d that: 

(a) The output of the alcohol jets was constant for a 
given pressure drop across t he jet, i.e., was not 
affected by the back pressure due to the pressure 
in the combustion chamber. 

(b) The alcohol jets gave the same calibration during 
"hot" operation of the combustion chamber as was 
obtained during "cold calibration. 

In the burner cups plain cyl indrical alcohol jets were 
used at the cool end near the oxygen sprayer. Wide angled 
alcohol sprayers we"re developed for use at the hot end to 
keep the surface cool. 

Eng. Lindenberg, from 1940 onwards, worked part of the 
time in Dresden and pa~t at Peenemunde on the development of 
the combustion chamber. The normal atomizing pressure was 
3 at.ospheres. 

Prof. v. Braun said that the flame front was establis
hed just.inside or at the mouth'of the combustion cups. He 
agreed that this condition was associated with a possibili
ty that the combustion chamber head might get burnt, but 
pointed out that if the flame front is allowed to form at a 
distance away from the burners, the efficiency of combustion 
and specific impulse would suffer. 

In respect to the cooling jacket, the frictional drop 
was reported as 5 atmospheres and the temperature rise would 
be frem 100C to 400C, i.e. 300 c. (ENG. HOFFMANN) 

Eng. Lindenberg said that the temperature rise was be
tween 400 C and 600 C. He explained the functioning of the 
36 screw plugs which are set in the wall of the combustion 
chamber in groups of 3 upstream of the ventury throat. Each 
plug is drilled with 4 small holes. What was not apparent 
from examination of a used rocket, was that before firing 
these 144 holes were filled with Woods or other low temper
ature melting metal. When the skin of the combustion cham
ber reaches a certain temperature the metal plugs melted and 
additional surface cooling is provided for the throat of the 
venturi. The metal strips in the cooling jacket serve a 
dual purpose of preserving the width of the cooling space 
and also carrying out the more important function of streng
thening the combustion chamber at a point where "it is most 
likely to suffer from any excessive pressure due to an im
pulsive start. There is one unexplained small connection to 
the large annulus at the feed- in and " of the cooling jacket. 
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From t hi s a smal l pipe was led t o the outside of the rocket 
and t his provided the only means of draining off the alcoh
ol in the event of something going wrong duri ng a combusti
on test on the test s t and o (ENG . LINDENBERG) 

Dr. Haller mentioned tha t for combusti on chambers up 
to 1 tonne thrust spray cooling i s necessary • 

The mass flow of fuel was as f ollows as given by Dr. 
Palm: 

During the first 5 sees operation (under gravi t y feed) 
7 Kg/sec o (Eng. Hoffmann stated that there was approximat- . 
ely 8 kg. of each fluid per sec for the first 5 to 7 sees). 
When the pumps had reached full speed the mass flow of both 
fluids was 127 kg/sec which gave a thrust of 25 tonnes . 
(Dro Zoike said that the mean thrust was 27 tonnes, the 
thrust rising by 4.2 tonnes in the course of flight.) 
(Eng. Hoffmann stated 135 Kg/sec which equals 60 kg/sec 
alcohol plus 75 Kg/sec oxygeno ) . 

Various figures were put forward regarding the specific 
impulse obtained. Prof o Vo Braun said that for operational 
purposes they reckoned on an impulse of 4.75.gm/kg/sec (210 
lb/lb/sec) but on the test bed they had achieved an impulse 
of 4 0 5gm/kg/sec (220Ibl1b/sec)o The reported thrust of 25 
tonnes with a mass flow of 127kg/sec is equivalent to a sp
ecific impulse of 5.08gmlkg/sec (197Ig/lb/sec). Dr. Haller 
said that for relatively small combustion chambers they co
uld use 95% alcohol as a fuel, but this gave too hot combus
tion chamber conditions for large chambers. The small 

. chambers do not require surface cooling. Some six or seven 
years ago they tried using gasoline as a fuel. Prof. v. 
Braun said that it was unsatisfactory. Combustion conditi
ons wer·e not as good as vd th alcohol and persons working on 
the test stand were covered with soot. The main objection 
to the use of aviation sp~r~t was that it did not function 
well as a coolant t tending to give unequal cooling to the 
different parts or the surface and also to form gas locks. 

The venturi could not be designed to give the correct 
expansion, both at ground level and at the end of the firing 
period o During this period the thrust rose from 25 tonnes 
to 29 tonnes due to the decrease in the external pressure. 
As a compromise the venturi was de~igned for an expansion 
down to 0.85 atmospheres (absolute). 

10 Gas Rudders . 

Dr . Vo Braun sai d that the graphite used for these 
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rudders was the same as that us ed f or electrodes in elec
.tric furnaces. He pointed out that the function of the gas 
rudders was to stabilize the projectile during the first pa
rt of its flight until it attained a sufficient speed for 
the tail fins to ensure stability. They had experimented 
and found that they could substitute oak gas rudders instead 
of graphite, because the oak would last for the necessary 
few seconds. 

J. Testing the A.4. 

All the fuel nozzles were independently calibi'ated and 
later were again calibrated in situ by means of a static 
cold blow-out test 'carried out on a combustion chamber unit 
from fixed weighed tanks. In this test the liquid oxygen 
was directed into flexible hoses back to a sump, while the 
alcohol was caught in a large funnel about 3 feet in diame
ter and led back to another tanko 

Up to 1942 it was not possible to give the complete 
rocket a·hot static testo The combustion chambers, h~wever, 
were given a separate hot static test and the thrust was me
asured by large balanced arms we,ighing machines made by 
Sulz of Toledo, Nro CQlogne o The weighing machines had a 
needle on a dial as an indicator and this was photographed 
by high speed camera throughout the run. 

They had tried to measure the thrust on a whole rocket 
befqre 1942, but the scales were not sufficiently accurate. 
From 1942 onwards, arrangements were ~ade so that on Test 
Stand No. 7 the complete rocket could be suspended in a 
scaffolding which was hung from a weighing machine, so that 
the thrust during a hot static run could be measured o (ENG. 
TESSMANN) 

The Establishment built up an elaborate range of instr
uments so that they could record the behaviour of the rocket 
during static tests. In order to ascertain the "rate of flow 
of the working substances, special flowmeters and test gau
ges had to be developed fQ~ liquid oxygen and alcohol tanks 
and pipe. These instruments are described in a separate 
report recording information given during an interrogation 
of Dip. Eng. Schuler, whose sole concern was measuring and 
metering problems on the A.4 and other weapons o 

. In addition to making elaborate measurements on the 
thrust motor and the whole rocket during static tests, arr
angements were made to measure and transmit to the ground 
station the more important data during flight. Dr. Schuler 
reported that he left Peenemunde with the second group 
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evacuation and that he thought that most of the special 
instruments would be sent to Lehesten, - near Salfeld, Leip
zig where it was intended to continue work on combustion 
chambers • 

All th~_ instruments in the rocket were designed so as 
to operate indicators and recorders a considerable distance 
away. The instruments and observers were housed in under
ground observa.tion chambers known as "bunkers". When test
ing thrust motors alone, the nearest bunker was 15 metres 
away. When testing whole rockets the procedure was regard
ed as being very much more danger6us and the instruments 
were housed in a bunker 100 to 150 metres away_ 

Ko Firing the Rocket. 

The range tables gave the brennschluss time and veloc- -
ity f~ a given all up weight and Ussired range. Originally 
the Brennschluss was operated by radio command from a ground 
stationo Later this was done by the Gyro-accelerometer and 
then by the Buchold Electrolytic Integrator. A fourth more 
accurate system was in process of being developed whereby 
the acceleration -time curve would be kept constant by cont
rolling the flow of T st~ff to the Turbo-Pump unit. 

The bearing was controlled by the rotating launching 
platform which was set in the same manner as when firing a 
gun. For this purpose a direction telescope and a Leitz 
Colimeter were used. The training of the projectile on the 
right bearing was done from the ground, so that it was fir
st necessary to· measure by optical methods the angle. between 
the reference plate near the ground and the mounting of the 
gyro in the control compartment. (DR. ROSENTHAL) 

Before filling the rockets the tanks and valves- were 
tested for tightness by pressurizing the valves to 1.8 
atmospheres and seeing if this was maintained for 5 minutes. 
The T stoff and Z stoff valves and tanks were also t~sted. 

The liquids were put in the following order: 

L. Igni tiono 

Fuel ) 
T stoff ) 
Liquid Oxygen) 
Z stoff 

These were all pumped direct 
from truck to projectile. 
Poured out of a can. 

When the rocket was ready to be fired an igniting torch 
was lito There are two types: 
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(a) A Pyrotechnic (black powder ) ignitor, and 

(b) A liquid operated torch using a "Hypergol" pair 
of fluids such as nitric acid and Visol. 

They preferred the firework because the liquid ignitor 
required JlOr;8 attention and llad to be refilled between each 
use. When the firework was alight the nitrogen was cut off 
from the main alcohol and oxygen valves, which , caused them 
to open to their natural positions, namely about 8 m.m. open. 
The alcohol and oxygen now flows through the pumps under' a 
gravity head from the alcohol tank and a pressure of approx
imately 1 atmosphere in the oxygen tank as the vent valve is 
held shut during the operational period. The flow of alcoh
ol and oxygen which amounts to 7Kg/sec-l5,Kg/sec, according 
to diff~rent authorities, lights quite easily. If all 18 
burner cups light simultaneously there is no shock, but if 
some ignite immediately and the rest later there is a mod
erate bang when this occurs. 

These conditions are maintained for 5 or 6 secs until • 
the operator is assured that ignition is satisfactorily 
attained and an adequa.te temperature exists in the combus- ' 
tion chamber. When only thrust motors ar.e being tested the 
observer, being about 50 feet away, can judge by the glow in • 
the exit from the venturi. If a whole rocket is being test-
ed, the observer is much further away and they have used 
heat sensitive devices such as thermocouples to indicate 
electrically that ignition has been achieved. When this is 
so, the operator makes an electric contact which sets the 
T - Z stoff system in operation. The Turbo-Pump rapidly 
reaches full speed and while this is happening the thrust 
exceeds the weight of the full projectile, so that if it 

, is not being statically tested it leaves the ground. 

WASSERFAL. (C.2). 

This guided anti-aircraft weapon had been in the course 
of development since 1940. At the end of the war it had 
not been used ope'ra tionally, being s till in the development 
stage. Evidence obtained at the Wind Tunnels at Kochel sho
ws that at least six different shapes had been tried out to 
get the best aerodynamic results o The shape adopted for op
erational use is shown on Drawing No. on which all the dim
ensions are given in terms of the diameter. An approximate 
specification is given belowo 

Diameter - 88cms. 
Overall length - 7.87 metres. 
Span - 1.9 metreso 
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Empty weiGht - 1760Kg. 
VJeight of acid - 1600Kg. Weight of fuel 385kg. 
\'/e ight of high pressure nitrogen - 70Kg. 
Thrust - 8 tonnes. 
Duration of burning time - Slightly less than 

45 secs. 
Mas.s fuel flow - Approximately 45'Kg/sec. 
Specific Impulse - About l78lb/lb/seco 
High pressure N2 260 atm. (gauge). Reducing valve 

25-27atm(gauge) 

n~st of the information regarding the Wasserfal came 
from Drs. Heller Palm and Zoike. The fuels to be used 
were mixed acid ~90% nitric acid and 10% sulphuric acid) 
with Visol or Optolene. It is probable that the Visol 
(C2HI)-0·.CHCCH2) would be mixed with Aniline to promote com
bustion, although mixed acid was described as being more 
readily self-igniting with pure Visol than straight nitric. 
The.Optolene consisted of· 5 components and was roughly made 
up of, 50% Visol 10:20% Aniline the rest being Optol (a 
coal tar raw product containing Phenol which inhibits the 
formation of C4H4) , Benzol and Xylol (this also prevents the 
formation of C4H4 crystals.) The mixture is reputed to ha
ve a specific gravity of approximately 0.9. The Stoichem
etric mixture was one part of acid:0.22 parts of fuel, but 
for operational purposes they used one part of acid:0.24 
parts of fuel. The theoretical specific impulsefor mixed 
acid and Optolene was 2l4lb/lb/sec, but they actually ob-
tajned abour 183. Dip.Eng. Schilling who was over all. . 
experimental work at Peenemunde said that for practical 
purposes they accepted impulses 15% lower than the theor
etical. Other figures quoted for these fuels were: 

One part nitric acid plus 0 0 23 parts Visol, 2l4lb/lb/
sec. 

0 0 9 parts nitric acid plus 0.1 part sulphuric acid plus 
Visol, 204lb/lb/sec. 

009 parts nitric acid plus 0.1 part sulphuric acid plus 
Optolene, 204lb/lb/sec. 

At a later interview Dr. Heller said that taking an 
average specific impulse of say 409gm/Kg/sec, changing the 
fuel from Optolene to Wisol etc only made a difference of + or - l/lOgm in the specific impulseo 

It was hoped to store these weapons fully loaded with 
liquids for a minimum period of 6 l!Ionths and preferably for 
a year b~fore firing. As both liquid vessels were fitted 
at each end 'Nith alumin1:mum bursting diaphragms, it was 
essential that in storage the pressure within each tank 
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should not exceed a pressure likely to burst the diaphragms 
which were designed to go at 10 atmospheres differential 
pressure. For experimental purposes a ullage space of 33 
litres was left in the acid tank; for operational use 48 
litres was left. In the -ruel tank for experimental purposes 
they used a ullage space of 13 litres, but in the operatio~
al model this was between 18 and 20. The storage life was 
tested by filling at 100e and then raising the ambient tem- • 
perature to 40 or 50oc. 

Below is given a description of the internal arrange
ments of the Wasserfal from fore to aft. 

1. Radio and Fuze Compartment. 

steering 
weapon. 
types to 

A great deal of work had been donE"! on the radio 
device, proximity fuzes and Homing devices for this 
No definite decision .had been made regarding the 
be used f~r operational purposes. 

War Head, 

Believed to be about 300Kg o 

30 High Pressure Gas Bottles. 

Diameter - 70cmo 

storage capacity - 235 litres (70Kg) nitrogen at 
200 atmospheres (gauge). 

They had experimented with compressed air instead 
of nitrogen, but the results were not available. The nit
rogen bottle is equipped with hand operated valve, pressure 
gauge and filling connection, After this is an explosive 
operated starting valve presumably similar in design to that 
used on H.S.2930 

40 Reducing Valve. 

The reducing valve for this weapon had been spec-

• 

ially designed because the gas used for the expUlsion of ~ 
fluids at such a high rate was a very large quantity, i.e. 
33 litres/sec at the controlled pressure of 25 atmospheres 
(gauge) 0 The low pressure controlling compartment was in a 
bellows and the loading was by a long powerful spring with 
an adjusting scre.... The whole valve might weight as much 
as 10Kg and also from 50cm long. 

After dispersal from Peenemunde in 1944, work on 
the internal fittings of the Wasserfal went on at Anklam. 
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The valve was manufactured for ' Peenemunde by Messrs Hubner, 
Maier of Vienna. Under test the valve did not eive fully 
satisfactory results, as the controlled pressure apparently 
fell off when the high pressure side got as low 'as 90 
atmospheres. They had apparently spent a lot of time try
ing to make the valve work well both at tne start when it 
wa~ subjected to heavy shock on the firing of the initiat
ing valve, and at the end of operation when the gas bottle 
was nearly exhausted. (ENG. HIRN, ENG. TONNESSEN) 

). Three-way Valve. 

According to Engo Tonnessen, the gas after pass
ing the reducing valve went to the three-way valve. This 
vqlve had four connections, one leading to atmosphere, one 
to the reducing valve, one which branched to the fuel tanks 
and one to a safety valve which opened in the event of the 
control pressure exceeding a certain limit during operation. 
The three-way valve was described as being operated by cart
ridge before the firing valve was fired o It carried two 
pOpPE}t yalves and during storage the one leading to atmos
phere was opened and the one leading to the fuel tanks was 
shut. On firing the first cartridge,this condition was 
reversed. If before launching the projectile one ha~ 
fired the cartridge to close the vent valve and then dec
ided for operational reasons not to fire the projectile, a 
second cartridgl3 could be fired which would reset this thre~
way valve to its storage condition. 

6. Tanks. 

The gas line branched to the two liquid tanks 
which formed part of the skin of the projectile. The upper 
tank contained the fuel, while the lower tank contained the 
acid. They had apparently tried many methods of making the 
acid tank in order that the projectile could be capable of 
being stored for a long period. The following methods of 
construction were mentioned. 

Dr.Palm. Steel with aluminum inner skin. 
Eng. Tutz and Hellebrand. Maganese steelo 
Eng. Tonnesseno Enamelled steel. 
Eng. Bringer, 4% Chrome steel (Luftwaffe Specification 

No. 1604). 

Before entering the tanks the compressed nitrogen had 
to burst two diaphragms made of aluminimum in wh.:lch circu
lar V grooves had been cut. The groove did not form a com
plete circle, the diaphragm being left uncut ~or a sector 
of about 300 in order to form a hinge when the gas pressure 
bUrst open the diaphragm and bent back the disco 
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The forward acceleration of the projectile with a 
thrust of 8 tonnes must have been apP'roximately 2.lg at the 
start and 4.5g at the end. It was designed for a lateral 
acceleration of l2g. With such lateral acceleration the 
m~niscus of .the f1 uids was described as standing at an an
gle of 200 to the axis of the projectile . There must have 
been alternative designs for the fuel tanks b€~.ause Dr. 
Palm said th~t the swing of the fluid was dealt with by sus
pending a del~~ery plpe from the roof of each tank. The 
delivery pipe was articulated by means of a metal bellows. 
On the other hand Eng. Binger drew a sketch of the tanks 
which showed a central pass~ge way through each tank. This 
passage way was used for the fluids and gas lines and the 
lateral acceleration was apparently countered by the prov
ision of rotating feed pi .s which followed the fluids to 
the side of the tank. 

7. Jets - Combustion Chamber. 

After leaving the tanks both fluids passed through 
aluminimum burster diaphragms and the fuel passed through 
a choke which compensated for the f~ictional pressure drop 
of the · ~cid in its passage through the cooling jacket. 
(ENG. TONNESSEN) The acid passed through the cooling 
jacket at a maximum velocity of 4m/sec (width of annulus 
5-6mm.) ~nd rose in temperature ,600C with a pressure drop 
of 1.5 atmospheres. At arrival in the combustion chamber 
head both fluids were sprayed into the chambers by means 
of the arrangement shown on Drawing No. made by Dr. Palm. 
By thi~ arrangement a ~uarter of the holes were devoted to 
jets of fuel and acid spraying against each other for igni
tion purposes, while the remaining 75% of the holes were 
arranged in pairs, fuel ~gainst fpel, and acid against acid 
to promote atomization. The pressure drop in the fuel jets 
was 2 atmospheres and in the acid jets 3 atmospheres. The, 
combustion chamber had a capaQity of 75 litres and a ven
turi throat of 192m.m. The L~ was therefore 100"0 The ' 
designed combustion chamber pressure was 20 atmospheres 
(absolute) with a theoretical temperature of 2800oc. The 
molecular weight of the gas complex in the combustion 
chamber was about 26, the poss~ble temperature ~fter ex
pansiC'n l600oc. They assumed that the gas complex "froze" 
at 18000c. The combustion chamber was made of mild steel. 
There is no surface cooling. 

With regard to ignition it was mentioned that no 
pair of fluids was used in a combustion chamber if it did 
not ignite in an open cup test within 0.05-0.1 sees, A 
check test was done in an atmosphere of. nitrogen. Shortest 
ignition time for any pair of fluids was 0.025 sec. 
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8 0 Wings and Finso 

The general dimensions of these can be obtained 
from the Wind Tunnels at Kochel, but verbal information 
was obtained as set out below. 

Eng. Dahrn gave the span of the wings as Im.60 and 
the length of the wings 1m. He stated there were no jet 
rudders, saying that these cut down the performance. He 
confirmed that the steering rudders extended beyond the 
span of the wingso 

Eng. Hellebrand drew a sketch of the Wasserfal, in 
which the wings are dimensioned as span 1.88m., chord at the 
body 107m, chord at the tip o06m. section bi-convex. Steer
ing rudders 80cm x 30cm. Engo Hellebrand said that gas rud
ders were used o 

9. General. 

The Wasserfal was launched vertically. One 
engineer said that there were no gas rudders, but Dr. Heller 
confirmed that there were. It was possible that these were 
made out of oak. 

Dr. Schilling and Heller were interrogated regard
ing the times of arrival of the fluids. One witness said 
the ruel arrived first because of the shorter path, but 
another said the acid arrived first. Dr. Schilling said 
that for the small rockets the time of arrival is not very 
important, but for the large rockets the nitric should 
arrive first. There is a double danger if either liquid 
is allowed to accumulate because an accumulation of fuel may 
go off sud'enly, while an accumulation of acid may nitrate 
the fuel on arrival and form an explosive compound. 

The accuracy of the metal burster diaphragms is 
uncertain and there may be a variation of as much as 1 sec 
in the timing of the bursters o Dr. Heller said that from 
the time you fire the firing valve to obtain ignition was 
aboQt 5 sees, while from the ignition time to full thrust 
would be about 4 secso 

10 0 Testing 

Instruments and valves were tested for their 
behaviour over one years storage by keeping them for 24 
hours in a BIER-DAVIS bomb ~illed with oxygen at 25 atmos
pheres (gauge). This English apparatus was reputed to give 
the equivalent in 24 hours of one years life in storage. 
(ENGoPASTWA) 
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The Wa.ss erfal -was tested statically by mounting 
it ~rtically in a parallelogram SQ that it was free to . 
mdve against a rigidly held MESS":'BIEGEL. This consisted 
of an oval steel ringo The minor axis contracted when 
subjected to the thrust of the rocket. The dimensions of 
an air gap were thereby altered, modifying the induction 
in a coil mounted around the bar which formed the minor 
axis of the oval ring. This device was operated at 500 
cycles, gave a deflection of ltmm for a thrust of 8 tonnes 
and was reputed to register the thrust to an accuracy of 
~ I to 2%0 

~IDst of the ~truments used for testing the Was
serfal were the same ~s for A.4, but special instruments 
had to be made for use in acid. (ENG. SCHULLER) 

The Wasserfal was fired from a mobile circular 
platform carried on four wheels and pulled by tractor. Eng. 
Tutz saw a test firing of the Wasserfal and said that the 
combustion was rather spasmodic. . 

It is difficult to believe that such a long time 
could be tolerated fot an anti-aircraft weapon and it 1s 
pos~ible that the true time is 0.5 secs. The exhaust gases 
were a reddish-yellow colour. It swayed slightly as 1 !t \'lent: 
upo 

TAIFUN. 

This bi-liquid rocket was reputed to be fired in 
groups of 65 from a launching machine known as the Dobger
at named after General Dornberger the inventor. War head 
500gm with contact fuze, range 12Km (can be vertical) 
maximum velocity 1200m/sec. The prOjectile is approximately 
2.1m long and 10cm in diameter. The greater part is taken 
up with the fuel tanks which contain Vizol and acid. The 
acid is housed in a central aluminlmum tank, capacity 
approximately 6 litres, while the Vizol is contained in the 
annula space between the outside tank and the shell of the 
skin. This has a capacity of approximately 2075 litres. As 
the gravity of the acid is 1.59 the tank whe4 full would 
hold 9.4kg, while the fuel tank, assuming a gravity of 0.91, 
would hold 205kgo The walls of both tanks were Imm thick. 
The acid tank is supported in the rocket shell by two alum
inimum end plates bolted to its end flangeso These end 
plates are perforated so as to connect the fuel tanks at 
the upper end to the cartridge pot and At the lower end to 
the liquid sprays. It is probable that at both ends a 
rupturing diaphragm of aluminimum covers the holes in the 
two end plates o 
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Behind a solid steel nose there is a hollow cham
ber for t he 500gm of explosive, the fuze and the igniting 
device for the cartridge which, when burning, provides the 
gas to expel the liquids o 

The combus-tion chamber and venturi are made of 
mild steel mostly lmm thick, but the thickness increases 
at the venturi throat to 2t to 3mm. At the end of 2 sees 
operation, the temperature of the venturi reached 300 to 
400oC. They could use a venturi experimentally for 5 runs, 
after which it had to be r~newed. The sprayer was not fo
und, but it was described as being in three parts and to 
resemble the rose from a watering can. (ENG SIEFERT) 

It was reported that in the. early stages of dev
elopment they had repeated trouble due to the venturi burn
ing. (ENG. FINZEL) The design of the stabilizing fins 
w&s modified several times. They had tried fins of differ-
ent lengths (Elm. SIEFERT) . 

Total fuel content is possibly about l2Kg or, if 
one allows a 10% ullage space to prevent bursting of the 
diaphragms in storage, the workable fuel would be llkg. As 
the firing lasted between two and three sees the mas~ .flow' 
of fuels must have been between 307 and 4.4Kg/sec. The . 
thrust is described as being between 600 and 1000kg. Unless 
the design of the jets and jet plate added appreciably to 
the volume of the combustion chamber, the t4 with a throat 
of 45mm dia is very low, being in the order of 27 ft • Prof. 
v.Braun said that they sacrificed the combustion chamber to 
get larger fuel tanks and accepted a S.I. as low as l6olb/
Ib/sec. The empty weight including war head and cartridge 
would be about 12kg, as the proportion of liquids carried 
would be about 0.48:1. With such a small combustion chamber 
complete reaction must have been difficult, but if they ob
tained a S.l. of 180 the thrust would be somewhere between 
660 and 800 kg. Mention was made of an acceleration of 60g, 
but this must have been at the moment of "all burnt". The 
starting acceleration possibly did not exceed 35g. 

Testing, 

When testing a Talfun on 
often used nitrogen for expulsion~ 
by hydraulic piston. There was no 
has passed beyond the experimental 

B.M.W, 

a static test bed, they 
The thrust was measured 

evidence that the Talfun 
stage. (DR. SCHILLING) 

I visited the works of. the Bayeriche Machine 
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Werkes near Munich with Lt.Oxol ; Sqd/L. E.J.A.Kenny, Dr. 
H.A.Leibhafsky (U.S. Ordnance, and G.E. Co.) On the way 
we picked up Dr. Hemmersath the Chief Chemist~ In this 
factory they concentrqted their fes~arch on the use of 
nitric acid and mixed acids as the oxidant. They used 
hydrazine and a number of amines as the fuel. The acid was 
known as Salbe1, and the fuel as Tonka. Dr.Hemmersath said 
that they had tried 6,000 combinations of acid and fuels. 

We inspected 12 pairs of combustion test chambers 
each pair having a control room. Each test chamber had 
two explosion proofwindaws. These windows consisted of 
two panes of submarine glass each 10cm. thick. Each pane 
was made of layers of glass placed alternatively at right 
angles to each other so as to avoid distortion. The two 
panes were about 12" apart, the inter-space being electri
cally heated and containing a drying agent. The walls of 
the test chambers were reinforced concrete 3 feet thick. 
The inspection windows dur~ng a test were covered by expan
ded metal counterweighted grills which were lowered into 
place. The chamber was lit by four floodlamps, one in 
each corner protected by metal grills. The object of the 
metal grills in front of the windows 'was riot to protect 
the observer, but to keep the glass of tne windows from 

. being damaged by flying fragments. In all their work on 
liquid reaction chambers they have had many explosions, but 
have only had one casualty and that apparently was due to 
his ·own fault. 

The exhaust end of each chamber was ·open to at
mosphere, but about 30 feet away from the test chambers and 
parallel to them was a large thick flue, at one end of which 
there was a square brick stack with a compressed air injec
tor~ A mobile telescopic cylindrical flue could be wheeled 
into place opposite the open end of a test chamber, so that 
the products of the reaction could be led into the brick 
flue and hence to the stack. In the test chambers were 
thrust motors carrying cradle's and thrust measuring gear 
of varied types and sizes according to the kind of thrust 
motor to be tested. There were small- cradles for the dou
ble coil X.548 o Vfuen tested these had a mass flow of 2 
litres of fuel plus 8 litres of acid in a firing time of 
20 to 22 secso The aver&ge ratio of oxidant to fuel was 
5:1 and the mass flow about 0.8Kg/sec o The liquid fuels 
were expelled by nitrogen pressure at 40 atmospheres and 
the combustion chamber worked at 35 atmospheres. Dr. Hemm
ersath said that the impulse was 1,000k/tonne/sec and also 
mentioned 1200 to 1400 k/tonne/sec. It is difficult to 
collate these figures with other known methods of specify
ing the impulse. Dr. von Braun at Peenemunde could not 
understand them, but suggested that they might represent 
the area of a thrust-time curveo If the~ass flow was 
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0.8k/sec. and the specific impu~se l80lg/lb/sec., the 
thrust would be l44Kg. which, over 21 secs., would give 
3000k/secso It is possible that in these figures there 
is some factor concerning the all up weight of the appliance • 
A similar curious figure was given for the larger model, the 
X.558, for which Dro Hemmersath described the impulse as 
being 10,000 to 14,000 k/tonne/sec. 

Dr. Hemmersath said that not all the pairs of 
fluids used were "hypergol", tbat is auto-igniting with each 
other, in which case they used independent means to initi
ate ignition. These are:-

a) Firework (Powder). 
b) Electric spark. 
c) A pair of fluids which reacted when 

brought into contact. 

In this, station besides testing X.548 and X.558 
they ran the thrust motors for the Me o163 on acid and Tonka 
and there is some evidence that they also ran A.4 combus
tion chambers, Wasserfal and Enzian reaction chambers on 
these fuelso 

There was a large test chamber for the calibration 
o~ a~id and fuel jets. There was also facilities for test
ing thrust motors in any chamber from central tanks suppor-
ted on accurate weighing machineo . 

Each control chamber ha.d two complete sets of 
instruments and control gear, one for each test chamber. 
The chief instrument was that which recorded the thrust 
(as measured by hydraulic thrust piston) and the pressure 
in the combustion chamber. The control chamber also cont
ained a great amount of electrical gear and indicators, 
so that continuity tests could be easily carried out on 
units before firingo In the control chambers were also the 
pigh pressure bottles and control gear for pressurizing 
liquid vessels in the rocket unitso Towards the end of the 
test chamberp was a large chamber in which spherical stain
less steel or aluminimum tanks about 12-14 feet in diameter. 
These were suspended from the roof o There was also else
where· mobile tanks for . tra.nsporting ni.tric acid and H202. 

I was given to understand that this factory, whi
ch also makes Turbo Jet Aircraft engines had been already 
covered by a C.A.F.T. team and by an investigation team, 
but if this is not the case, I consider it would be a first 
class target which shou~d be thoroughly examined. This 
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f~ xc.tr.rLi1l i:i tion will be helped if Dr.Hemmersath and the other 
prineipal member ~? of the research team~ whom are apparently 
~lispersed, are broueht together and induced to part with 
the relevant information. 

W!1ile interrogating the Peenernunde staff we found 
an EnGineer Johann Tutz who had worked in 1940 to 1942 at 
the B.Lf.rve] Berlin. There he was concerned with the design 
of the fol~owing rocket weapons:- . 

(a) A.T.O. Units 

(b) Glide Bomb 

(c) Rockets 

Methyl alcohol plus nitric 
acid (self-lighting)o Thrust 
I tonne for 30 secs o Liquids 
expelled by gas pressure from 
a combustion chamber. After 
use the units were dropped in 
vIi th a parachute. Eng. Tutz 
could not say whether these 
units were used operationally. 

This was the same as the 
H202motor for HS.293, but used 
acid and fuel. 

They were planning to build 
rockets using acid and fuel 
as the propellent. 
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SURVEY OF DEVELOP:rTENT OF LIqUID ROCKETS IN GER]flANY 
AND THEIR FUTURE PROSPECTS 

by Prof. W. von Braun. 

We consider the Ao 4 stratospheric ~ocket developed by 
., us (known to the public as V-2) as an intermedicate solution 

conditioned by this war, a solution which still has certain 
inherent short comings, and which compares with the future 
possibilities of the art about in the same way as a bomber 
plane of the last war compares with a modern bomber or large 
passenger plane o 

We are convinced that a complete mastery of the art of 
rockets will change conditions in the world in much the 
same way as did the mastery of aeronautics and that this ch
ange \Irill apply both to the civilian and the military as
pects of their use. We know on the othBr hand from our 
past experience that a complete mastery of the art is only 
possible if large sums of money are expended on its devel
opment and that setbacks and sacrifices will occur, such as 
was in the case in the development of aircraft. 

A few private groups of inventors started serious work 
on liquid rocket development in Germany in the years 1929-
19300 One of these groups, called "Rocket Flying Field 
Berlin", located at Berlin-Reineckendorf, had Prof. Dr. von 
Braun as a student among its· members o Simple fundamental 
tests with rocket combustion chambers were carried out there, 
and small uncontrolled liquid rockets were fired, which 
reached heights up to 1,000 mete~s, and landed by means of 
a parachute. At the end of 1932 the work of these groups 
were slowed down by lack of cash, but the Army Weapons 
Department was interested in carrying on the work, and 
took over the services first of Prof . von Braun, and later 
of most of the other engineers. 

This special division of the Army ~eapons Department 
was put under the direction of Dr.lng. h.c. DORNBERGER

i 
and 

the first rockets developed by them were designed sole y 
for experimental purposes, and were of no military value. 
In 1934, liquid rockets of the "A-2" type were successfully 
tried outo They had a thrust of 300kg., were directly 
stabilized by means of a large gyro~ and reached a height of 
approximately 2,000 meters. In 193t5 the first trials were 
carried out with liquid rockets of the "A-3" and 1;.-5" types, 
which 'were fi tted with an automatic control system and rud
ders in the gas stream. These rockets reached a height of 
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12km when fired vertically, and had a range of l8km when 
fired at an angle. . They could land in both cases by means 
of parachutes, and be used again. 

In view of the successful results achieved with liq
uid rockets it was decided in 1936 to begin with the con
struction ot a large experimental establishment for rocket 
development at Peenemunde 'on the Baltic. 'It was already 
recognized at that time that the development of rO.cket 
showed great promise in the field of aeronautics as well as 
in that of arti~lery, and tt was therefore decided to build 
two separate establishments at Peenemunde, one for the Army 
and one for the Air Force, which are two distinct branches 
of the "Wehrmacht" in Germany. At Peenemunde-Ost, compre
hensive test beds a.nd work-shop facilities were set up for 
the construction and tes t ing of rocket drives and controls, 
whilst" at Peenemunde-West an airfield was built for test-
ing ~ocket aircraft, and pilotless rodket propelled aircraft, 
as well as auxiliary drives for standard aircraft, such as 
rocket as::isted take off devices. The 'cost of construction 
of the complete installation at'Peene~nde totalled approx
imately 300,000,000 Harks after completion. This close 
proximity of the rocket development work to the aeronautical 
development side is one of the principal reasons for the 
success of the work undertaken at Peenemunde. 

The forlowing considerations were decisive in the 
choice of Peenemunde, and these considerations will always 
be important when choosing a site for rocket development 
work o 

a) Secluded position, far away from large towns (Saf
ety during launching, nuisance caused by noise 
of large test beds)o 

b) Favourable weather conditions (during firing and 
flight trials of rocket and rocket aircraft blue 
skies are always desirable). 

c) Reasonably satisfactory commUhications. The dev
elopment work necessitates constant close contact 
between development engineers and certain branches 
of industry. 

The successful experimental rocket "A-5", previously 
mentioned.had a thrust of l500kg lasting 45 seconds. ~s
ing on the results obtained with the rocket, the order was 
given to develop a long distance rocket with a range of 
250km.,as high an accuracy as possible, and a warhead 
weighing 1,OOOkg. This rocket, known as "A.4", was first 
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launched successfully in Octoher 1942. The "A.4" has a 
thrust of 25 tons, for combllstion period of 68 seconds max o 

It is fired vertically from a firing table, without guides 
of any sort, as was the case with all the previous rockets. 
The steering of the rocket to an inclined position is eff
ected by means of a "programme tl apparatuso The lateral dir
ection is determined by the exact settir~ of a turn-table 
on the firing t8ble. The exact range is determined by 
shutting off the propulsion unit upon reaching a previously 
calculated speed. 

The developl:1ent of the "A.4" required a great number 
of preliminary scientific investigations, the most impor
tant of which are briefly outlined below: 

a) vVind tunnel tests at all ranges of air speeds 
between 0 and 1500 meters per secondo During 
these tests, such factors as the stability of the 
rocket, the distribution of the air pressure, the 
v.forking of the rudders and several moves were 
investigated, apart from the drag measurements, 
both with and without exhaust gas stream. Both 
the supersonic wind tunnsl and the measuring meth
ods had to be developed over a period of years 
of hard work o 

b) Test bed investigations on the combustion chamber 
of the rocket, and on the complete propulsion unit. 
This too necessitated the development of appro
priate test beds and measuring methods o 

c) Investigations connected with the steering of the 
rocket at all ranges of airspeeds covered by the 
rocket. For this purpose a special technique of 
models, reproducing the attitude of the rocket in 
flight, was developed o 

d) Development of measuring methods for plotting the 
complete flight path of the rocket o 

e) Investigation connected with the influence of the 
exhaust gas stream on the wireless communication 
between rocket and ground, etc. 

In view of the increasing strength of the numbers of 
flight aircraft in England, and the resulting increased 
losses of bombers operating against England, orders were 
giv.en at the end of 1942 to produce the "A.4" rocket in 
quantities o The accuracy of aim was still unsatisfactory, 
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~lnd limited the use of th f3 rocket to large area ta.rgets, 
foremost of which was London. Nevertheless, some 60 to 
65,000 drariine; modificutions ":,rere required before the first 
experimental "A.4!1 rocket hecame a real series production 
job. This indicates how many absolutely new problems arose 
during the trials bf the IIA.4", which was subjected to hith-
er L1nlr:nown physical conditions. . 

~fuanwhile the development side was attempting to im
prove the accuracy of aim of the rQcket. To this end, 
radio guide beam devices were developed to improve the 
lateral direction; and improved propulsion unit out off 
devices to reduce the dispersion in range. These improve
ments however v,'ere incorporated operationally on a small 
scale o~ly, and were in use chiefly in the attack on the 
harbour Dt Antwerp. 

The original objective of further development was to 
produce long distance rockets of greater range. It should 
be noted here that the maxImum ranges up to 480km. were 
achieved thanks to certain improvements, which however nev
er came into oper3tlonal use. 

Certain A.4 rockets were used to carry out vertical 
trajectory trials, and a maximum ceiling of 172 km was 
reached during these trials. 

It was planned in the spring of 1945 to fire vertica
lly fran an island situated near Peenemunde a few A.4 rock
ets equipped with, special instruments for research into the 
top layer of the atmosphere. The measuring instruments 
were put in a watertight ·container capable of floating, 
which was to have descended by parachute. This project, 
all preparations- for which were completed, could not be 
carried out on account of military eventso It could be 
done in a short time however, with some ·of the A.4 rockets 
still in hand. 

The problem of increasing the range of the A.4. after 
completion of the A.4 development programme could only be ca
rried on at a greatly reduced rate, as the development of a 
guided anti-aircraft rocket was ~iven first priority and 
absorbed much of the personnel, in consequence of the in
creasing air superiority of the Allies o A rocket for this 
purpose was developed at peenemunde, bearinp, the code name 
"Wasserfal"" This rocket was also propelled by liquid fuel, 
and could be guided by radio from the ground on to flying 
targets. Various successful tests were carried out, but 
series production of the weapon was not achieved. 
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A further development of t he "A o 4" l ong distanc e r ock
et is the "A. 9", on which work was done a :3 far a s the pri
ori t y work on "Was serfal" \\T ould allow. The pr opulsion 
unit was the same as for A.4. The A. 9. r ocket however had 
wings, which enabled it to glide t hrough the stratosphere~ 
This enables the flight path to be increasec\ to such an 
extent that the range of the Ao9 was nearly double that of 
the .A.4, v.e. approx. 600km., notwithstanding the fact that 
the fue~ consumption of the A.9 was no greater than that of 
the A •. 4 owing to development could not be completed on 
account of the end of the war. Special control devices 
would have given the A.9 at least the same accuracy as the 
Ao 4. It was proposed that the weapon should go into a 
vertical dive at the end of the glide, similar to that of 
the V.lo 

As a further development, it was intended to design the 
A.9 winged rocket to carry a crew. For that purpose the ro
cket was to be e'quipped -wi th a retracting undercarriage, 
a pressurized cabin for the pilot, manually operated steer
ing gear for use when landing, and special aerodynamic aids 
to landing. The landing speed of this piloted A.9 rocket 
would have been as low as 160km per hour, as it would have 
contained. very little fuel on landing, and would consequen
tly-have been light. This piloted A.9 rocket would cover a 
distance of 600km in approx. 17 minutes. 

\ 

The range of the Ao9, both in the piloted and the 
pilotless versions, could be increased considerably if the 
propulsi~n unit were switched on only after the rocket had 
attained a certain initial velocity. There were two poss
ible ways of achieving this end. 

1) Use of a long catapult with only a slight gradient, 
which worild have given the rocket an initial vel
Qclty of approximately 350m/sec. There was exper
lence. of this type of catapult to hand at Peene
munde, as such a catapult developed .by an indust
rial 'firm for launching the V.l, was tried out at 
Peenemundeo Experience showed that catapults 
could be built for launching at supersonic speed. 
These high speeds are essential for rockets such 
as A.9, because the rocket is completely filled 
with fuel at the start and would not fly if it 
left the catapult a't lower speeds. 

2) Development of a large assisted take off rocket of 
200 tons thrust, on which the A.9 rocket would be 
mounted, and which would give the latter an initi
al velocity of 1200 meters per second. After the 
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assisted take off r ocket has exhaus ted its f uel, 
the A.9 would become separated f rom it, and its 
own propulsion unit would be swi tched on. The 
maximum speed of the A.9 at the end of its power 
drive under these condi t ion woul d be approx. 2800 
meters per second, which would mean ·that this com
bination could give the A.9 a range of approx. 
5000 km., both in the piloted and the pilotless 
versions. The large assisted take off rocket, 
called A.lO, was to be equipped with air brakes 
and a special par achute, which would have enabled 
it to be used again afte~ alighting on water. 

It was proposed to launch the A9/AlO combination 
vert1CJCllly this obviating the necessity of erect
ing large ground launahingdevices. 

In the more distant future, the development of liquid 
rockets offer in our opinion tre following possibilities, 
some of which are of tremendous significance: 

1) 'Development .of long range commercial planes and 
long range bombers for ultra high speeds. The 
flight duration of a fast rocket aircraft going 
from Europe to America would be approx. 40 min
utes. It would even be possible to build very 
long range bombers, which would turn round at 
supersonic speeds in a very wide curve after hav
ing released their bombs, and return in and glide 
to land at their point of departure. The high 
speed of such aircraft would make defence against 
it ineffective with present day means. 

2) Construc tion of multistage piloted rockets, which 
would reach a maximum speed of over 7500 meters per 
second outside the earth's atmosphere. At such 
speeds the rocket would not return to earth, as 
g~~vity and centrifugal force would balance each 
other out. In such a case the rocket would fly 
along, a gravitational trajectory, without any 
pm-/er t around the' earth in the same way as the moon. 
According to the distance of the trajectory from . 
the earth, the rocket ",Tould complete ~>ne cireui t 
around the earth in any time between 1 ~/2 hours 
and several days. The whole of the earth's sur
face could ~e continuously observed from such a 
rocket. The crew could be equipped with very po
werful telesc0pes, and be able to observe . even 
small objects, such as ships, icebergs, troup 
movements, constructional work etc. They could 
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also carry OUG physical and a~tronomica~. r c_;ear
eh on p~ot] e~s which could only be tackl Jd a L 
that altitude, due to the absence of the atmos
phereo The im[,o::-, tance of such an "observation 
platform" in t.h':? sciE:ntific, economic and mili
tary spheres is obvious when ths c~£w of the 
rock'etwant to r t"! turn to earth, all they need 
to do is to reduce the speed of the rocket slight
ly, which can be done by :rocket propulsion. The 
rocket then entered the upper layers of the 
atmosphere tangentically, and its speed is grad
ually reduced by frictiono .Finally it can land 
like an ordinary aerQplane by means of wings and 
auxiliary gear. It would also be possible to re
lieve the crew and provision the "observation 

. platform" by means of another rocket, which would 
climb up to the platform and pull up beside it. 

3) Instead of having a rocket set up an "observation 
platform" outside the earth, it would b·':! possible 
later on to build a station specially for the pur
pose, and send the components up into the infer
steller spaces by ~eans of rockets, to J8 erected 
there. The erection coulc be easy, as the compon
ents would have no weight in the state of free 
gravitation. The work would be done by men who 
would float in space, wearing divers suit, and 
who could move at will in space by means of small 
rocket propulsion uni ts, the nozzles of ,';hich they 
would point in the required direction. 

4) According to a proposal by the German Scientist 
Prof o Oberth, an observation station of this Type 
could be equipped. 'wi th an enormous mirror ~ consis
ting . of a huge net of steel 'Hire on to 'NhlCh 
thin metal foils could be suspended. A mirror of 
this nature could have a diameter .of ::Jetny kilo
meters, and its component facets could he contro
lled by the station which would enable the heat 
and light of the sun to be concentrated on selec
ted p6ints of the earth's surface. This would 
enable large towns for instance to ~et sunlight 
during the evening hours. The wea t her? too, can 
be influenced by systematic concentratlon of the 
sun's rays on to certain regions. Rain could be 
induced to fallon regions hit by drought, by 
concentrating the sun's :rays on to distant lC'.kes 
and seas, and increasing their evaporation. The 
clouds thus formed could be driven to the requir
ed spot by influencing the centres of low and high 
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pr8 ssure ttrough radiation from other facets of 
the Din'or. If the :T:irror is made large enough, 
an(.~. it could be of e:: treneJ y light construction, 
it would 9ven ap'ear pos s ible to generate deadly 
decrees o~ heat a t certain spots of the earth's 
surface e 

5) 1 .... hen the art of rockets is developed further, it 
will be pos s i ble to go to other planets, first 
of a11 the 'noon. The scientific importance of 
such trip -:-. is obvious" In this connection, we 
see pos sibilities in the combination of the work 
done all O"Ifer the world in connection with the 
harnessing uf atormic energy together with the 
develClp ir:ent of rockets, t he consequence of which 
cannot yet be fully predicted. 

To conclude, we think after what has been said . 
abov~ that a well planned development of the art of rockets 
will liave revolutionary consequences in the scientific and 
military spheres, as in that of civilization generally, 
much in the same way as the development of aviation has 
brought revolutionary changes in the last 50 years. 

A prophecy regarding the development of aviation, 
made in 1895 and covering the next 50 years~ and correspond
ing to the actual facts, would have appeared at least as 
phantastic then as does the present forecast of the poss
ibilities of rocket development. 

In the same way as the development of aviation 
was not the work of a single man~ but became possible thanks 
to .the combined experience of many thousands of specialists, 
who concentrated exclusively on this one branch of science 
for years, so ihe development of the art of rockets will 
require a systematic effort by all specialists who have 
gained experience on this subject. 
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2 

3 
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w 
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• 9 

6 

7 

1~ 

YEAR 

1933 

1934 

1938 

.1..940 
1942 

1938 

1945 

1941 

DIA. LENGTH 
CM> M. 

30 1.4 

30 1.4 

75 7.6 

1700 14 

75 7.6 

1700 14 

75 7.6 

350 8 

" ~ 

PROJECTILES SERIES "A" (LIQUID OXYGEN AND ALCOHOL) 

THRUST TOTAL FUEL POWER TINE NOTES 
KG WT SECS 

300 150 40 16 Directly stabilized by one large gyro (weight 40Kg) in 
the nose. Never launched. Many difficulties. N2 ex-
pulsion. Intended to launch from a table vertically. 

·S .I. 143 

300 150 40 16 As in A.l but gyro placed in the centre. Successfully 
la\Ulched to 2000 metres. Launched vertically from 
table. S.I. 143 

1,500 750 450 4) Shape similar to A.4, launched vertically from table. 
Auto steering and rudders in gas stream. Did not obtain 
supersonic speed. Reached l200m. in height . S.I. 167 

25,000 2,500 8000 68 Range 250 Kms. Warhead lOOOKg. Propam motor to bend 
max over the trajectory. Vertical launch. Bearing from 

launching table; Range by fuel cut off. '~.I. 208 
1,500 750 450 45 Experimental unit. Prototype of A.4. First lIIIdel to 

use graphite blades. Could be landed by naracnute and 
used again. Maximum range with slanting lauQch 18 Kmso 

25,000 ~3,000 8000 68 As A.4 but with wings permitting a guide in the strat-
max osphere. Total range increased to about 1600 Kms. Same 

accuracy a~ A.4 Vertical dive at end of glide. Also one 
man crew so retractable undercarriage. Pressure cabin 
and hand control for landing at ·140-160metreslhr. 80% 
of construction .. as in A.4. 
Designed but not constructed. ' A.5 did not reach super-
sonic speeds. Design modified to give higher speed and 
considerably different from A.5 so given new numbero 

1,500 800 500 45 Designed only. A.5 plus wings. Launched horizontally 
from aircraft to obtain experimental data. 

200,000 87,000 62000 50 Project only. Calculations completed for a unit to be 
, used as a starting device for A.9. When A.9 and A.10 

reach 1200m/sec, A.lO is jettisoned and descends by 
parachute. A.9 continues and reaches an "all burnt" 
velocity of 2800m/sec . Then l.9 glides. Total range 
A.9 ... A.IO = 5000km. 

-GARMISCH 23.5.45. 



FROM DOCUMENTS B14 - EX 5' RAI L TRUCKS AT PElTING. 

Explanations of the Ran£e Tables of the 
z.G.Vo (Special pur_ose) Units, 

Example 
for Radio Control (Switching Off) 

Distance (taking into consideration the 
curvature of the earth 

(1) B5 setting on line of site 
3.5 km, back from the firing 

point II = 3 .. 5 km. 
1 kmo to the left 1 to line 

of sight III = 1 k~ 
Improvement to CA 

(2) Improvement in starting weight acc~rding 
to T.abJ J A2 

Empty weight according to papers 2,873 kg. 
Elefant (War Head) 1,000 kg. 
Additional load 
Fusing 
Batteries 
Druckstuche (H. P.Gps) 
A Stoff to overflo\'1 
for 30 minutes waiting 

at 2 kg. per min, 
B Stoff to Table A1 
Starting weight 
Starting weight according to 

range tables 
Actual starting weight is 

greater by 30 kg. 

4,960 
60 

Correction according to Table 
A2 reduction of range = 0.9 
~m, per 100 kg •• '. for 30 kg. 

June 16th , 1945 
GJG/MP 

39209·2 - 38 -

5 kg. 
45 kgo 
60 kg. 

4,900 kg. 
3,797 kg. 

12,680 kgo 

12,650 kg. 

30 kgo 

August 1944 

225.0 km. 

2.1 km. 
222.9 km 

- 0.3 km 

222.6 km. 
• 



FROM DOCUJiENT Bl4 - EX 5 RAIL TRUCKS AT PElTING. 

October l044 < 

Greater Range. 

(1) Through charge to a higher value propellant, i.e. to. 
pure Ethanol-Water mixture filling. from Methanol-Eth
anol Water mi~ture. 

(2) Higher reducing valve s.etting 

The magnitude of the result at range is approximately:-

13 km. through charges fr.om Ethanol Water mixture against 
Hethanol-Ethano1 Water mixture. 

22 km. by increasing by 4 atmospheres the setting of the 
reducing valve. 

35 km. from the .combinatfon of the two. 

295 ktp. of. 22 = 317 km. 
317 4 13 = 330 km (205 miles) 

Equivalent of the above in miles 

183 miles 
196.6 tI 

4 13.6; = + 8.0; : 
Athanol 

June 16th. 1945 
GJG/MP. 

196.6 miles 
204.65. II 
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