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Part I. 

SECRET 

TIJVSS'fIGATION OF ROCKET RESEARCH 
AT 

ELFXTR01.!E!CRANISCHE vrcl{KE G.m. b.R. 

Target Idsmtity 

'!he target is identified as Elektromeohal"ische iV'erke G.m.b.H. 
evacuated ~rGm Peenemunde in early 1945 chiefly to the region surround
ing B1eicherode (5127N 1036E). '!his organization was known as Heimst 
Artillerie Park 11 prior to 1 August 1944, when it was changed to the 
above name, ElaktromechaIlische "'erke. Its principal activity has been 
the research, development, and design of liCluid propellent mc ket.a, its 
best known developnent being the so-called '11-2. 

Part II. Investigation §znopsis 

Mr. E. H. Hull and MAjor R. B. staver first went to Bleicherode on 
13 J.fsy to follow up leads from Lt. Hochmuth and Lt. Martin, both U. S. 
Ordnance Department, which they obtained one to two weeks previously. 
Other investigations prevented earlier exploitation of this tar get area 
which at this time was not tully identified. However, the recent pre
sence of Professor von Braun and other important personages from Peene
munde, together with the continuing presence of Directors Fleischer and 
Rees indicated important activity in this region. On the first day it 
was learned that the Elektromecha.nische Werke had been recently directed 
by the Raichminister for Armament Production and the Chief of the Heere
swaf'fenamt (Arnv Ordnance Office) to evacuate to the viCinity of Blei
cherode. Much eCluipment was disposed a.bout this vicinity in as nw..rv as 
nineteen differe:ot towns, and in some instances, in several places wi th
in a. single town. These targets, plus interrogations, led to additiol"Al 
targets, making it impossible for the aforementioned persons to cover 
personally all places of interest. About this srune time Colonel Cook' s 
eros Team No. 103 happened upon the seme target area and with the help 
of local Ordnance transport assisted in the evacuation of several iteIDB 
to a collecting point in Nordhausen. Lts. Ruwell and Harker, and Ensign 
Gnau, of Nav Tec Mis Ell, all known to the undersigned, appeared in Nord
hausen about this time and were enlisted to help with the investiga.tiOfts 
material evacuation, and the interrogations. Also Lt. Hochmuth of Ord
nance Technical Intelligence Team No. 1 moved to Nordhausen to assist 
this undertaking. 

Probably mst of the eCluipnent in the vicinity of this target ar
rived by rail directly from Peenemunde. The balance was being trans
ported by boat through the Eastern Sea to Lubeck and thence by canal 
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boat to the south and up the Elbe to either Barby or Schonebeck, where 
it was to be tra.nsferred by rail. From 8 to 14 canal boats are reJX>rt
ed to have arrived at the last named towns. '!he balance of 15 to 25 
boats . are believed to be strawn down the Elbe canal as far as Lubeckc. 
A systematic search has been made of all known dispersal. points in the 
Bleicherode area, and samples of important equipnent and docum:mt.s have 
been evacuated. 

Inte,rrogations of Fleischer, ~nmercial Director of Elektromechan
ische Werke, and Rees, Pabrication Director, provided much useful il'r 
formation. On 15 lf8y, Mr. Hull and Major Staver accompanied-by Dirs. 
Fleischer and Rees visited the "Prufstand" of M:i..ttlewerke located be
twean Schmiedebach and Lehesten, about 30 to 35 km south of Saal:re1d. 
('Ibis target. is discussed in bod;'{ of report.) By chance, WaJ. ter Riedel 
III, Director of Developnent and Ccnstruction for Elektromechanische 
Werke, was located in the prison at Saalf'eld where he was being held on 
the charge a£ being the inventor of a bacteria bomb. He was released 
to the custod.Y of Major staver and brought· to Bleicherode for interro
gation. Dipl. Ing. Grottrupp, an assistant. to Director Steinhoff in 
the Electrical. Control Department, was located in a nearby town and 
interrogated. On 16 ~ w. Hauaz ar;ived at Nordhausen to investigate 
~1ect.ronic control of missiles. '!he above mentioned ~ople plus n Mr". 
Ge~lbach, a specialist in ground controls for the A-4, a~companied 
various field trips to provide information on the numerous findings. 
Daring this investigation, interest has centered princips.l~ about the 
latest imJic?rts.nt project of Jm.ektromechanische Werke, called "Wasser
fall. ., a 3600 kg flak rocket steered from the ground. Should the Pa
cific War last sufficiently long, such n missle might be employed 
against the Japanese. 

Fa.rt. III. Histo;or 

In 1931 and 1932 the testing of small rockets in Ge~ centered 
chiefly ~ound a small test gTound outside of Berlin. Vallier (killed 
durink a test in 1932) was one of the chief men to propose propelling 
missiles and people through space by gas jet reaction. Other important 
people at this time were Opel and Nebel (actually publicity man for the 
German rocket. societyl. At this time Professor Goddard was held in high 
repute by all the German rocket enthusiastics. According t.o Mr. Rees, 
about. this time Vallier had a little rocket model (non-flying) believed 
to have been called A-l. Rasa believed tha.t the A-2 was on paper in 
1931, but was nai t.her made nor tested. 
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About 1932 the Heereswaffenant (Army Ordnance Department) became 
int.erested in this group e..nd set up 'a branch with only a code number for 
a name. All other groups were forbidden to develop rockets. The chief 
of the Heereawaff'enant, General l;ieoker l also Director of the Technische 
HOBchu1.e in Berlin) colle cted several important people for this new sec
tion. Some of these were as follows: 

a. Wernher von Braun, who was still a student working on his 
thesis of the f'undrune~tal theory of' rockets. 

b. Vallier. 

c. Riedel I, for rocket construction. 

d. Riedel 11, for rocket testing. 

Captain Dornberger was appointed military chief' of this group. A very 
primitive testing base was set up at Kummersdorf. 

Some time later Dr. 'l'heiel, a speoialist on propulsion, joined this 
group and soon became the ohief' assistant to von Braun. \'i'heiel and 
family were killed in the li.AP raid on Peenemunde, 17 August 1943.) Yon 
lil'aun is believed to have made a simple rocket called A-3, about five 
feet long and of small diameter, several of these being fired at Harkum, 
near lieligoland. At Kummersdorf they first tested a 700 kg unit and then 
later a 1000 kg unit. To study the burning relations of' rocket chambers, 
a one cup injector \ 'J.'uJ:'P j motor was made of' about. 1400 kg thrusts. 'then 
a rocket motor was made usi.ng three of the same type of injector cups. 
Here it was found that a long chamber wa~ not necessary if a sufficiently 
high pressure was used. J:3y 19" JCummersdorf' had grown too SD18l1, and the 
tleereswaf'fenaut. db·eoted that the;y find a new testing station, this resul
ting in the choice of .t-eenemunde. 'the testing stations at KUDIllersdorf 
were retuned for :fUel and motor research. Ao~rding to Rees, von l:iI'auu 
was too opitmistio and starter pJ.anning on A-4 back about 1935-30. Soon 
it was realized that a snaller model must first be built, primari1.y to 
develop the control system. tlence, the analler A-5 had to be developed 
as a predeoessor to the A-4. 

As oonstruction at Peenemunde proceeded in 1937, von Bra~ Riedel 
I, and 'Riedel II eventually moved to this location, while '!'heiel stqed 
at Kunmersdorf. 'fests were well under way at the new location in 1938, 
during which time there was developed a little rocket oalled A-5. it 
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VIEW l!u..je of aluminLL'"!l, its lel\'1.'th beirl[',' 8.bout. fi V(') r.:et0:LS una 'i~LUT~et.8r 

urourJ,<i 600 mr.1S. All , ,:'18 :o:c.1'l;:,' d:::)'t:~ 'i7er'~ cO:'incted f::.'om .Gl'oifsvn.ld3r 
Oie in the Baltic, e. SfWl"t d:'~ s t ;':',nC'3 fJ"J::: Peoner:1Unde. 'the .~.-5 otarted 
vertice.lly, "~hen turned t o fAr: [·.11;"1e o·~· t'.:'10 U"~ 45c • Aftel' the erq of 
burr..ine (Brennsch1uss), Ll'l"" :C,-;C;:·3t. co.~_!~tC'L 0, : to a hej e;;lt. of 19-::'0 km, 
and a horizontal rar..eEl of 15-:;'0 f.:l;13, t-.t \7:1:[ch point an oren ne", t.r: e 
parach ute was ejected "Thich .s lo-,',eJ t he velo::i ty from 120 to al:.out 75 
m/sec. A second chute of cO'r.',rt-)Ht,ial t.ne f ~lst3 ned ru:::;idship WEJS ejected 
which slowed the rocket c10vm t.o l~i m,/s8c .·mu lowered it g'3!1tly intI) the 
sea. 'lhence it was ''lasily retrieved by bont. ,m th!:: t::teering macha-· 
mama and recorders W8ra i l"-cloG·.::d in v~lt'~rproof contv..inerl1, :flight r".!c
ords being obtained 01 the v2.ins , roll, pitch, ye-.w, and other data " s 
time histories. Thi n rocl~Gt ';ru ; also trac:l:eu. by recordine theodoli t3S 
from three points. 

In 1938 and 19)9, 18 of the TOPFts were built into a sine1e unit 
which developed 8. thru.;-;: 0; aboat 26 tons. S8.r-8'er, who developed rocket 
motors up to 40-50 uni ElV 'h! 100 !:l.t l;lO Gpheres, occasi onalJy vi s it'3d Peene
rnunde; he was not, Ct InO l. J C:~ 0": tj18 i :: 3twf. To c:.uote ;;r. i(ees, "St1Y1.[:er 
wus a scientist and 1,;Y::' f, :p';::. ~ tical 111[.11". Von Br""un was thoUfht t-::> · in
corporate thE; (jOO.l f 'Jr-.t, I !; ·( J3 ~f el:.ch. 'ilie chief developll1E!nt in I'!te(~rir.g 

began in 1<;;39, '."lhep. 2)].' • . :i t '3ir~10ff cams to Peonemunde. (He ~.G formerly 
a teacher in the 'l\~chn:i. sch,; 1.{ocrwchule at FrnrJceT_he_usen, and then 18.ter 
wi th the l:lEu taches V,')r ,lUcbs 'en,:; -,:,~'.l t fur Luft}v:; rt. j He \V8.8 an expert on 
e1ectrorri.cs,ra.dio, f.:v ro-stl':.bilizf1.tion, and variouG test aEa=a.tus. In 
1939 the arnv asked t;l: ~ t the A-4 have a rur.ge of 275 Y..l1l3 with lOo;~ (?) 
of the shote la!~dil1e: :i r ::l rectc.rlf,"le 1000 meters long and 500 meters ~ 
'!his WI:'1.8 thouE;i1t to b~; hlI03'3ible without radio control. ReelS thoUE'ht 
this could be obtr ... ined verhe'·Fs in three to five years, but tha.t it would 
nec0ssi tate manufacture of n.ll parts with veri' s!rcll tolerances. me 
first dra':r.ir.g-s of ,',-It waro luade iJ1 1940, with the usual number of draw-
in.g' chant'es which on'3. li.ieht expect in such a development. Prior to late 
1941, this group was at.ned HYP (Eeares VersuchDtolle Peenemunde, or 
sometimes Berres Versuchsanstalt. }'eeremunde l. In 1941 its name was 
ehe.neeCt to l:,PJ) (Heore~ Anstal t 2e,.' r'_emunde ~. On 6 July 1942 the A-4 was 

. firRt fj.r·3u a;J a r;d.ssil '~. It rOS 3 about one meter from the ground, then 
exploded, det3troyir..g the testinc ' station. 1he second W8.8 fired in Au
cust, this ricin£" to un:roxil:late1y 5 kms before explodine. '!he perform
ance of' the third r:ris.Jile was about the same. '!he 3rd of October 1942 
:'.J JeDcribed as a. historical moment. '!he 4th A-4 flew satisfactorily, 
reaching the te-rget area off Leba, about 270 km distant . 'Ihe 5th impact 
was p.ot spotted, but was believed to be all rieht. Difficulty was en
count'3red Ifith those from 6 to 19. Some of them broke in two, others 
exploded, cld none reached the t.arget. Beginning with 20 they hud bet,.
ter success.. Later in the developnent program the fire was from the 
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viciTli ty of' Leba., for land impact on the }'tminsula of Kurische, t o the 
north of' KOTlie;sberg. 

'Ille middle series of A-4 production samples were built in the per
iod of April throue;h July' 1943.' It was originally planned to n1D.Iluf'ac
ture the A-4 (V-2) at Peenemunde. Director Re3s would have be0n in 
charge. After the RAP raid, 17 Aueust 1943 (which claln.uged mostJy living 
quarters) it was decided impossible to establish production at ti1i~ lo
cation, and M:i. tt1ewerk was founded by Ur. :Degenko1b of the Speer 1.'5.nis
try. He was one of the chief men in the Speer Ministry of war produc
tion and had previously been quite successful in the manufacture of lo
comotives. Considerable friction existed between the Peenemunde eToup 
(Arnv) and Mitt1ewark (Speer). Mr. Savatsky, formerly o£ Henschel, be
came works manager of MitUewerk and began visiting Peenemunde regardine 
the production aspects of A-4. After this raid on Peenemunde, its name 
was ch8.Ilged to HAP-ll, Heimat Artillerie Park 11, und spread out in Ii t
tle villages around the island of Usedom.. By now Dorenburger had risen 
to be a General and was still the military officer in charge. Zar..3sen 
is also mentioned as being one of the head mill tary men. 

"Ostverlag" was fOrDBd in 1944, chiefJy for. the reproduction of 
drawinga. It was first located at Kolpinsee on the island of Usedom. 
About November of that year it I1Dved to Bad Sachsa in the sou:Chern Harz 
and later Iroved from there to Illfeld, about 2 kma ,north of the Hittle
werk factory at Nieder-Sachswerfen. On 1 August of th:"s year, HAP-ll 
was incorporated as Klektromechanische Werke G.m. b.R. Of the early pro
duction at Mittlewerk, every siTl..gle combustion cl1amber( "of en"} was 
tested at the "Prufstand", south of' Sa.a.lfe1d or near Oberraderoch. ::"'very 
l.Oth A-4 produced at Mi ttl.ewerk in this earJy production was :flight 
tested at Fetmemunde. A-6 we.s reported to be practical:::"y the same mis
sile as A-4 except that it was to use Salbei and a hydrocarbon. This 
developm:mt was not pushed, as the logistics of the liquid oxygen worked 
out satisfactorily. 'lhe A-7 was reported to be an experinlental model 
for the A-9, sirdl.arly as the A-'j was for the A-4. 'Illis model was to 
be dropped from aircraft, one model actually ht:cvinc been tested. A-9 
waa an A-4 missile modified to take two ,rings amidship so as to incree.se 
its range by eliding. A sIlUll.1 number of A-4's have be,om modified for 
this purpose, by having their center sections strengthened and swept 
back winga added to e;ive a total spread of about % meters. 'I'his was 
in an early stage of development with much aerodyno.mic model \--70rk re
maining to be done. 'lhe A-IO was to be a two sto.ee rocket, the first 
stage de1iyering 180 IOOtric tons and the second about 26 metric tons, 
which is normal for th3 A-4. It was thought this rocket r;d.£ht reach a 
range of from 4 to 5 thousand kms within the next '5 to 10 years. 
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In this same year, 1944. the Speer Ministry decided there were too 
many rocket projects under development in Germany. It decided to concen
trate on the tinal development and production of the tollowing missiles. 
V-l, A-4. Tei tum (both the 50 mm and the 100 DIn flak rockets). · Wasser
fall, 8-117 (SChmetterling), R4M. the X-4. and possibly the X-7. It was 
rep'orted that recent tests ot the R4M by Rechlin based aircratt against 
Allied bombers. resulted in the downing ot 3 bombers in 4 attacks. The 
X-A' was alsp believed to have been tested against the Allies. It is 
interesting that allot these weapons were either in final development 
or in early produotion stages. 

By 1945 the total employment ot the rocket development group at 
Peenemu.nde numbered about 4.500 persons. In February 1945 the army 
ordered the rocket research and development establishment, now known as 
Elektramechanische Werke, to evacuate to the vicinity of Bleicherode. 
Many of their laboratories and much ot their equipment was to be locat
ed in the Keliwerke Ddne. just outside ot town. For this purpose 5.000 
cubic meters of spac. was to be made available monthly for six months. 
It was reported that the Elektramechanische Werke expected to be fully 
back at work by the end of July. In the meantime, small workshops and 
storage rooms had been located inllBlV ot the neighboring villages and 
in other miRes. The last boatload of equipment had left Peenemunde. 
and all people had evacuated mostly to the vicinity ot Bleicherode when 
it was tound necessary to evacuate important personnel to sout'h Germany. 
It was thought by same that they would enjoy somewhat of a vacation un
til the Wehrme.cht drove the Allies back across the German border, 8 t 
whica time the research people would return to their work. 

(Not all O~ ~~~ tuformation given in this brief historical summary 
is considered reliable. No attempt has been made to obtain a more com
plete summary •• it is believed that the interrogations of the large 
number ot Peenemunde people recently interned at Garmisch will yield a 
more authentic record.) 

Part IV. Details 

1. Description of Wassertall 

This project was tirst proposed by members of the present develop
ment group in 1940. At that time there was no official interest shown 
in such a project. In 1943 development work was begun under government 
sanction in an enthusiastic manner at Peenemunde. By February 1945 de
sign and construction was proceeding satisfactorily, 40 test flights 



having bedn made. On 20 February 1945 transportB.tion of r:-,an t.1.nll e .~uirr 
ment from PeenenlUnde to the vicil".i ty of Bleicher ode bega.n. Sorr.e of this 
equipment has arrived a.t. its destination but no real work has been done 
since February. 

WasserfaJ.l (known 
missile prope-lled by a 
is sketched in Fig. 1. 
from Raea' memory. 

alao as 0-2 ) is a ground t o air, guide d, winecd 
liquid fuel r ocket nntor . Tt.s e-enor al out line 

Dimensions given are a ppro;r.imate as s ome are 

Nitric acid (SalbeiJ and a hydrocarbon such as diesel oil or Vi,::ol 
are used as reactants in the propulsion unit. No booster units are use ,,: 
with the missile. 

This missile is steered on a line of sight course toward its target 
by a joy stick device on the groW1d and radio liY'.k s imil ar t o that used 
with HS 293. As in most other guided misdles of thi s sort, tho design
ers intended to incorporate a homing device end proxw .ity :f'use vthich w 
were not yet ready. 

About 235 kg. of explosive material was placed in 0-2 ('il-5) but 
only 100-150 kg. in the war head proper. The r e s t was distributed a
round the missile body for self destruction. 

In addition to the missile briefly described above as 0-2 (1,'1-5), a 
aecond Wasserfall about twice this size was e~so proposed in 1941. A 
third Wasserfall ona-half this size, called 0-2 (W-10), was c E)~culated 
a.s being even better than the others. 

Tactical~: '!his projectile was desigm d for use against bomber 
formations or sil1.g1e aircraft flyir~; at altitudes batween 4 and 14 km. 
(13,000 and 45,000 ft.J. Fig. 2 indics.tes ar::-l'ox1mutely t he volume that 
would be covered by this projectj~e. AlthoU["h targets as low as 1 lone 
altitude could be reached it was not intendE:(;' to uee 0-2 unde r .:j. km. 'Ihe 
45 km.a1ant range appears optimistic Ul1~ess the missil e was t o be used 
after its period of burning. 

Another form of 0-2 was to be developed for E"l'Ouncl to ground shoo'6-
ing having a 120 kID. range with a 90 kg. warhee.d. 

Control and fusifl..g was to be desie;ned so thc-.t the 27'5 lb. blast ef
fect charge plus the missiles from the disinteerating body would dis~ble 
the tareet aircraft. The speed of this Fojectile is hirh, hc.vifl.£ an 
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initial. thrust of about 2.6 times its weight, increasing to 6.6 B.t the 
end of its 45 sec. run. In a vacuum this should give a terminal vela
citl of about 5,200 ft/sec. 'ilie actual fine.l speed mentioned is ],,300 
ft/sec. (Mach. no. - ]). 

The designers believe that one bomber could be bae;ged for every 
two shots. At 7,000-10,000 marks per projectile the cost of destroying 
one bomber is say 20,000 marks. 'Ibis compares favorably with standard 
flak which requires 4,000 shots at 100 marks each or 400,000 m&rks per 
bomber destroyed. 

::e.erformanpo: Sufficient wing area has been given this missile to 
enable it to make the turns necessary to follow aircraft maneuvers. 

As indicated in Fig 1, Wasserfa.ll is a long, slim missile equipped 
with 4 wings, tail fins, air rudaers and graphite vanes in the exhaust 
blast. '!he general aerodynamic design has been carefully' worked out in 
the supersonio wind tunnel at PeenemundE.i, usua.lly at a Mach. no. of 3, 
although Bome details such as wing shape had not been fine.lly setUed. 
'!he nose is not a simple circular arc of constant radius but is a com
pound curve as dictated by wind tunnel measurements. 

Four stub wings are phced near the e.g. of this body to asoist in 
stabilization and control in relatively short turns. Since the missile 
is intended to follow the maneuvers of an allied fignter it is desiened 
for turns of 4.4.g. At the tail four statilization fins are mounted. 
One large semi-balanced air rudder is placed on the rear of each fin. 
'!he rudder post projects inwards to carry a graphite vane operating in 
the jet blast. Since both types of control surface operate on the same 
shaft they turn through the same angles. Large air rudders were con
sidered necessar,y for correcting roll at a larger moment arm than provi~ 
ed by the graphite vanes. 

At present Wasserfall wei. ghts have not been exactly determined. 
The best approximation gives ],000 kg. total, composed of 1,800 kg. of 
fuel and 1,200 kg. of body plus warhead. There are no droppable acces
sories. 

~ Control: As mentioned above there ate two types of control 
surfaces on the 0-2., air rudders and jet vanes working in pairs on com- ' 
mon shafts operated by push-pull rods from the four steering engines. 
Corrections for roll are made by the four shafts equally and simultan
eously, while pitch and yaw corrections are superimposed on the appro-
priate shafts. 

- 10-
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The graphite vanes, sketched in Fig. ), are made by Siemens of sin
tered graphite. Ground graphite and a binder are pressed into a rouen 
approximation of tile final shape in one press at the Siemens plant in 
Pla.nia. '!he plant is reported 1.:.0 have the only press in Germarw suit
able for this job. Pressing is followed by three sintering processes at 
a Siemens plant in the village of Mei tingen near Augsbtirg. This . process 
shaull be investigated more thoroughly both a.t :nania and Mei tingen. '!he 
rough s i ntered blocks are then ground to shape with rounded corners as 
indic!l.ted in Fig. ) on a copying machine developed at Peenemunde by 
Rees. '1"ni8 machine has a capa.ci ty of 40 finishe'd vanes per hour. 

The.se jet vanes, 10 n long pivoted about 4" aft of the leacq.ng edge, 
which are essential for control in the initial stages of the rockets 
flight when air speed is low, constitute a resistance in the jet stream. 
'!herefore they are blown off after 5 to 15 seconds of flight when they 
are no longer needed. This ditching is accomplished by a sIll8~l explo
si ve charge initiated by a timing mechanism, a radio conmand from the 
ground, or penetration of heat into the vane. 

Electronio Control: 

A. Souroe - '!he source of this inf'ormation is Dipl. Ing. Helmut 
Grottrup, assistant to Dr. Steinhoff. The section under Stei~hoff that 
was in charge of Wasserftlll control was led by Dr. Netzer (section 224) 
who was somewhat seoretive. Although the normal channel for inf'ormation 
from the sections up to Steinhoff and von Braun was through Grottrup, 
Netzer frequently reported directly to von Braun. This was because 
Steinhoff was mst interested in the A series missiles. As a conse
quence of this situation, Grottrup was able to supply only the broad 
outline of Wasserfall control. 

B. Stability (Fig. 4) - Three separate gyros for the three axes 
were standard Siemens aircraft gyros with one pick-off each. 'lhese fed 
a Mischgerat which amplified the pick-off voltage supplied by the gyros 
and formed from it signals proportional to the gyro angle, its first and 
second derivatives, and its time integral. These were combined in opti
mum fashion to eive the best possible range of stability for different 
velocities, changing mass and moments, eir resistance coefficient, and 
control with and without carbon vanes. An additional device to improve 
the stability under the wide variety of conditions was a Zeitschaltwerk 
(ZSW) or time sequence switch which changed the amplification of the 
l.ti.schgerat as a function of time in a manner that best matched normal 
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flight requirements. For A-4, com~lete devices had be;)n built to test 
not o~ stability about a. point, but &.lao F.th stabi~ity. How~wer for 
Wasserf'all only the test apraratus :for stability about 8. point hocd been 
built. This device included pendulums and cruns to simulate va.rious 
physical conditions. 'lhe time integral of gyro -voltage was re '1uired in 
the Mischgerat, said Grottrup, only for winu compensation and was ei ven 
by the position of a motor whose speed was proportional to voltage. 

The M1schgerat fed four separate servo control units (Antl~ebbs 
Reglar), one for each jet-and-air vane combination. 'lhese control units 
had appropriate relays for the particular type of servo that haprened to 
be used. 

'!he first type of servos to be used were individual hydraulic units 
wi th a motor and pump on each servo. 'lhese were either Askania LR1J 15 
or Siemens K 12/66. 'lhe next step was use of hydraulic servos with a 
co~mon chamber of oil, under gas pressure. 'lhese units were believed by 
Grottrup to be Siemens Dl9. Finally, just in the development state, 
were electric servos which were exPected to be much better than hydrau
lic ' servos. 

lhese electrical servos consisted of a vibrating polarized rele.y 
(about 50 cycles) and a d.c. zmtor which also vibrated sufficiently on 
its shaft to take up all back lash (Lose). 'lhe general plan as shown 
in Fig. 5 consists of a polarized relay whose contacts connect to two 
other relays. '!he contacts of these latter relays are connected back 
to the coils of the polarized relay to provide continuous oscillation 
with equal. dwell on the two contacts. A signal from the MJ..Bchgerat ap
plied to the polarized relay nauses the dwell on the two contacts to 
become unequal. '!his causes a net motor field component which rotates 
the servo zmtor. 

It is claimed that in hydraulic systems without oscillation the 
back lash may be as much as 1/3 the travel causing a characteristic as 
shown in Fig. 6A, compared to the electric servo characteristic of Fig-
6B. 

Finally, 'in Fig. 4, the-re are feed back potentiometers from each 
steering zmtor back to the Mischgerat. 

All four rudders are used for roll control. 'rhese four rudders are 
separate, and not m3chanically intercol1..nected. 

-12-
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In the laboratory a system using three rate gyros was tried and 
thought better because there was no trouble with gyros reaching their 
stops. T'ae Mischgerat had to be altered to start with the rate siGnal, 
and form both second derivative, position signal and time integral of 
position signal. 

c. Control - To put the Wasserfall through the target point in 
space: 

'Ille system used on the few controlled flights made was simple. Just. 
as in the control of the HS 293 a joy stick (Knuppel) feeds signals from 
two potentioIOOters into a Strasburg transmitter. A Kehl receiver in the 
missile picks up these signals and delivers them to the stability con
trol system at either of two places or at both. The optimum proportions 
had not yet been settled. 

One of the places is al:. the gyro pick-off. A motor turns the picl
off card in response to the reGeived signal. The second place is into 
the uaschgerat output to the servo controls. The purpose of the .latter 
is fast actions while the former in some proportion rnEJ'3' be required for 
stability. 

'!he proposed method of operation was to have the Waaserfall take 
off vertically, and be guided by manual control of the Knuppel until the 
missile optically coincided with the target. The motion of the Knuppel 
must be restricted during this period to avoid exceeding the maximum c 
control accelfration for which the missile is stable. Grottrup did not 
have any figures on these accelerations. Once target and missile are 
optically coincided the system is what we know as a baam-climbing or 
line-of-sight s,ystem. 

It was proposed to replace the man at the Knuppel with a computer 
device on the ground which attached to the optical instrument for track
ing and supplied some degree of prediction to improve the path. 

Apparently only 6-10 flights had been made with control, and these 
were program shots with a predetermined flight plan and no target so no 
information as to the effectiveness of the device could be obtained. 

Other methods of control were being contempla,ted, such as homing 
devices. Proximity fuses were being pla.nne~ Dr. Slevogt of Dr. Net
zer's section worked on these devices and further information should be 
obtained from him by interrogation at Garmiache. 

-13-
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Propulsion: The g-eneral ar:~·angeman t o"f the propuJ.sion system in
cluding tanks and principal piping is shown in Fig. 7. A pressurized 
tank system is used in this rocket although the size is more suitable 
"for a pump sy stem o"f reactant supply. 'lhis simpli"fication was made to 
reduce manufacturing costs and increase ease o"f handling since this 
weapon was to be produced in large qUE_ntities • . At the rear end o"f the 
projectile's nose section is placed a spherical air "flask (not wire 
wound; 8-13 nm. thick which contains dry air at about 200-300 atmos
pheres prassure 2,950-4,400 Ib/in2.). A bent tube r~ing through this 
air flask is used to conduct electical leads from the "fusing machanism 
in the nose to that part o"f the explosive which is distributed through
out the body of the missile. Immediately aft of the air flask is the 
main reactant tank assembly which does double duty as an airframe. 'lhe 
hydrocarbon tank forward is securely joined to the larger acid tank af't 
by a cylindrical ring welded to both tanks. All tank construction is 
rolled and welded steel. Both main tanks are provided with an axial 
cavi ty to accormnodate piping. 'lhe high pressure air lead is brought 
aft from the air "flask, through a hand valve to a reducing valve between 
the main reactant tanks which supplies 25 atmosphere (370 Ib!in2.) air 
directly to both reactant tanks. 

An ingenious device is used to conduot the reactants out of their 
tanks in a continuous stream in sp~ te of radial accelerations as the 
missile follows its target. From a rigid pipe near the top of eaCh re
actant tank is suspended a section of "flexible tubing whose open bottom 
end just clears the rounded tank bottom. '!his flexible tube is a metal 
bellows of the Sylphon type. As the missile is given radial. accalera
tiona the liquids' rush to one side of the tanks but are followed by the 
flexible tube insuring that the ttl. nk outlet will be covered at all times. 
It is re}X)rted that this device raises the maximum altitude reached by 
0-2 in test from 12 to 16 km. 'lhe flexible tupe scheme appears superior 
especially in weight and ease of manuf'acture to Wag-ner's system" using an 
air driven piston. 

Air pressw."e forces the reactants from both tanks aft to a pair of 
valves in the main linas opened simultaneously by a sil"'..gle powder oper
ated piston shdwn in drawi!1.g SKW 3903.10}j . Other mans were being con
siderad for openi!1.g this pair of valves such as air pressure and elec
trical. 'l'he main valves are backed up by a pair of diaphrae;ms, one in 
each reactant line which burst at le~s than 25 atmospheres pressure. 
'fuese diaphragms parform two functions; prevent valve leakage reaching 
the combustion chamber, and insure that there will be no slow build up 
period to the reactant flow. '1he designers believe that they will obtain 
the best results with an instantaneous cha.nge in flow rate from zero to 
full. 
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From the di aphragrns the hydrocarbon is led directly to the nozzle 
head while the acid is piped in a single line to the venturi ex! t where 
it enters a cooling jacket through which it passes before entering the 
nOKzle head. There are several rows of aUXiliary cooling holes leading 
acid directly into the . combustion chamber in the flame front area and 
just upstream of the nozzle throat. 

The reactants used in C-2 are Salbei and Visol in the proportions 
5.1 to 8rl. The ratios vary with the exact constituents of the oxi
dizer and fuel used but are generally calculated for stoichiometric 
proportions. 

The designers would have likea to have used 97% HN0 3 (3% H~) in a 
special chrome steel tank (German steel no. 1604) but as this steel was 
unavailable due to chromium shortage they added 10% H2S04 to the nitric 
acid and used a commonly available steel, no. 1265. to get about the 
same corrosion characteristics as in the previous combination. As these 
missiles were fueled same time before launching corrosion problems were 
necessarily considered. A higher concentration of HN03 than 97% is not 
necessary since about 3% of water would be taken up from the air on 
handling in any case. The HN03 used is the standard acid, not red fum
ing ni tric~ 

Visol is a synthetic fuel representing a joint development of most 
of the German chemical industry integrated by Dr. Heller of m.rN. Pro
portions of ingredients varied from time to time with paticular reM 
quirements and supp~ possibilities. A typical composition is 40% iso-' 
propyl alcohol, 40% vinyl ether, 2-3% water and 18% of four other in
gredients including dopes. Spontaneous ignition of these reactants was 
desired within 0.1 to 0.01 sec. after contact. A photo cell ignition 
time measuring device was developed for measuring the ignition delay of 
various reactant combinations at atmospheric pressure. Ethyl fluid, 
probably tetra ethyl lead, could be used to reduce ignition time. An
other dope Which was thought to be a ferrocarbonyl (Eisen penta carboqyl) 
could be used in small quantities to speed up ignition, in larger quanti M 
ties with no effect, and in greater proportions to slow down ignition 
time. Other ingredients of Visol were not recalled b,y Riedel III. 

The combustion chamber and venturi as used on Wasserfall .8re sketch-
ed in Fig. 8 with dimensions as remembered by Rees. It appears to be a 

conventional jacketed combustion chamber with a deLaval type nozzle havM 
ing a reported expansion ratio of 2.5 to 1. up to 3.9 in one model which 
was measured. The inner and outer walls are spaced by lengthwise members 
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f ollowing the elements of the eeometric f'ie;ure. Abo~t 2% of' the Snlbei 
is aWlutted directl~ to the combustion chamber through 3 rows of holes, 
one at the max. dia. of the chamber and another juct uIstre8lTl of the 
throa.t and a third row of very few holes between (see Fie. 8). 

'Ibe problem of differential expansion in combuati on chamber jackets 
has be ~n studied for two years by 'Thiel. Wasserfall jl.lCkets have ha.d 
eocpansion joints [;.t. various times but in the final desie;n the Salbei dis
tributing rine a.t the bottom was supposed to supply all of the r olative 
motion necessary. 

A s pecial steel with Ni, Mn and Cr was consi dered the be,'3t combus
tion chamber m8.terial but it was necessary for supply rea.':lons to use a 
1.3-2% ~.'n, 0.4% Si, .25/~ C ste 'al although this was unsuitable from the 
performance and forming viewpoint. 

Gas exit velocity in the production IOOdels was to be 1,850 meters! 
sec. (6,090 ft/sec.) a1thoUF~h 1900 meters/sec. was reached with va.rious 
forma of test injection nozzles. 6,090 f't/sec. jet velocity indicates 
a specific impulse of 189 sec. which compares reasonably well with a S. 
I. of 178 see. calculated from an 8,000 kg. thrust for 40 see. at ~ fuel 
expendi ture of 1,800 kg. A higher SI could be obtained from a liquid 
02 - fuel combination but the using sel~ce8 did not consider liquid 02 
acceptable as this weapon was supposed to be ready at a:rry time for flak 
use. Even in the planned firing of V-2, 35% of the liquid O2 made is 
lost in storing, handline; and transit. For use with a projectile re
quiring lone standby times this and other problema such as icing would 
be more serious. In a.ddition Visol has a hie;her specific gravity than 
alcohol alloving smaller tank spaoe, an important point in a pressurized 
system. 

'!he combustion chamber head or nozzle block has been the subject of 
considerable experimentation. Apparently one of the latest arrangements 
was ·as shown in Fig. 8. . A solid steel di sk drilled radially as shown 
distributed the Selbei in the disk and out into the combustion chamber 
through smaller axial holes 0.08 to 0.10" dia. Visol was admitted to 
the combustion chamber by JDal\Y.o3 to .05 holes drilled axially througn 
the nozzle disk. Hole numbers and sizes were chosen to admit t he re
actants in the proper proportionS. Pressure drops are given as higjl. as 
10 atmos. for some arrangements down to 1.5 atmos. for the production 
model. 
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, 'lb.e parallel jets emerge from the nozzle plate about as shown in 
Fig. 9. Heat and turbul.ence cause . complete vaporization wi thin about 
3 in. 'lhese envelo}B s ~ and spontaneously ignite g:i.. ving a quite defi
ni te :flame front. 

Several other forms of reactant injection have been tried on the 
Wasserf'all combustion chamber. Fig. 10 shows a cross-seotion of one in 
the form of a cirQular slit divided by a centra.l. partition (ringspa.ldu
se) • 'lWo thin sheets of reacta.rrts emerge to impinge at A where ignition 
begins. Considerable difficulty was experienoed with superso!1.ic vibra
tion due to the instability of point A. A partial vacuum in space B en
couraged vapor formation in that space which in:f'luenoed the point of 
spontaneous ignition. 'l'b.is effect set up a form of self induced vibra
tion at high frequency which was reported to damage the combustion chanr 
ber. 

A type of conical spr~ llOzzle formed by a conical hole into wliich 
a reaetant is admitted tangentially has been tried. A number of ·these 
nozzles spaced with block at the head of the combustion chamber produce 
conieal sprays of reaotants. This device is not considered practical 
since the region in which stoichiometric proportions exist is small. 

Still another arr8.!1.gem.ent of holes in the nozzle block is similar 
to tha.t shown in Fig. 8 except that the holes are BO inclined that the 
two reactants impinge in pairs at lXI8.lV points. '!his scheme works vtell 
but is difficult 1:-0 manufacture. In fact work W8.S going on to develop 
an inclined hole which could be punched. It was expected that the para
llel jet holes in the final. design would be punched in production. 

AB mentioned above .only 125 kg of Vfasserfa1l·s explosive charge 
was placed in the warhead proper; the remainder being distIi buted in 
tubes around .the strueture in a form similar to primarcord. Since 0-2 
1t'8.B to be used as flak over home terri tor.Y' it was. desirable that the 
projeetile -be compla tely self dest~cting. It is for this reason that 
the through tubes are in the centers of the fuel tanks rather than at 
the outside in spite of the fact that the central location interferes 
with the action of the nexible reaotant. fead pipes. 

Fusing devices had not been perfected. It was intended to use one 
of the forms of proximity fuse i11 development as well as a time actuated 
Belt destructing fuse. 
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Wasserfall is launched vertically in a manner similar to A-4 but 
without the I--'Ositioning refinements necessary in the latter launching 
proceedure. Due to the four stub wir,g's on 0-2 it is in daneer of being 
tipped over by a hie'll wind. &cplosive bolts have been used to hold the 
missile in place until the mom~nt of firing when the bolts are bl~ 
Riedel III states that 0 20 such bolts can be fired with a time difference 
of only 0001 sec. 

'ilie missile leaves the launching platform under the full 8,000 lr..g. 
thrust of the rocket giving an acceleration of about 1.6 g. based on 
the weieht figures given previoitslyo After the projectile has stabiliz
ed itself -in flight it is steered toward the target by means of the jay 
stick control. Final acceleration would be about 5.6 e. in vacuo. 

Project Status: At the time of the Peenemunde evac).lation in Febru
ary 1945 work on this illissile was rapi~y proceeding to the production 
stage. Soma details remained to be perfected on the missile itself. but 
the general design was complete. Proximity fusing was as far behind 8.B 

a~ of the details. 

Program firing tests had been made on the completed projectile. In 
this test the projectile is launched in the usual manner and then con
trolled from the e;round in a series of predetermined manoeuvers follow
ing a precise time schedule. The trajectory of the missile is followed 
by three recording theodolites. Later the program and tlle recorded tra
jectory are compared. Reeul. ts of such tests wer'e said to be satis:factory. 
Burning time had reached the )8-40 sec mark although 45 seconds was de
sired. 

Every effort was being made to bring this development to the pro
duction st~e as soon as possible. 

ADDITIm·;AL NO'lES ON WAS3ElRFALL 

On 25 1/.83 1945,. Riedel III brought in some dc<ta reported below 
which he had been working on. 

'lli '3 total weight of reactants 10E",ded into the (}-2 tanks is 1,985 kg. 
in the proportion 0.3 to 1.0 of Visol to Salbei. About 25 kg. of reac
tants are burned . before the rocket lea ves the p'ound so that the remain
ing liquid. in the tanks is Visol - 452 kg. and Salbei - 1,508 kg. 

-18-
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The total weight of the entire rocket on leaving the ground is 
3,600 kg. made up a s foll~vs: 

Total weight at instant of take off 
Salbei 
Visol 
DTy rocket without air or explosive 
Wt of air in pressure bottle at 300 
Explosive 

'lbtal 

atu 

3,600 kg. 
1,508 " 

452 " 
1,370 If 

.80 " 
19Q " 

3,600 kg. 

The fuel rate in 0-2 is 5.13 ~~.sec. which indicates an SI of 
195 sec. 

If the air flask is made of 12 nm. thick 2.5/; Y.n steel with an elas
tic limit of 50 kg/mm2• it will just hold air at 350 atu. 300 atu is 
considered safe. . 

0-2 has been designed to catch a 250 m/sec. target doing 2 g. -turn& 
'!he wi l1.gs are designed to stand 8 'f. lilt per pair to vThich the body , 
tial, etc. contributes about 4 T. mre. 

The speed of 1,000 m/sec. is reached within 5 km. of flight. In 
order to attain slant ranges of 45 km. the missile is used after propul
sion has ceased. 

Wood was considered as a substitute for graphite as a jet vane ma
terial since it could be made to burn up in about the right time thereby 
saving the trouble of blowing off by means of an explosive charge as had 
been intended. 

Experiments have bean made with the tail. fin assembly set at 450 to 
the wings. This arrar.gement · gives better control but greater air resis
tance. 

Another and probably the best method of opera.ting the mfl.in fuel 
valves is to use Salbei tank pressure to operate the power piston which 
opens the valves. The valves themselves are so set that the . Salbei 
which is admitted first has time to fUl the combustion chamber cooling 
jacket and arrive at the nozzles coincidentally with the Visol. 
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2. A-4 NOte8 

During our interrogation of Flei8cher. Riedel III, Rees and Grot
trup several interesting points concerning the A-4.haTe been brought 
out. 

In 1939 the first ~4 8pecifications called for a range of 275 ~ 
wi th all ahots falling in a space 1,000 DIe long by 500 DIe wide at that 
range. This i. considered possible "i th radio beam control but not 
without. 

The total 02L pump inlet pressure is 2.2-4.0 atu ot which 1~2 atu 
is due to acceleration (increases during burning time) and 1.2-2.0 is 

, due to O2 gas pressure tram the vaporizer. 

The alcohol pressure is composed ot 0.3 atu static head due to the 
position of the tank. 1-2 atu due to acceleration and an additioaal vari
ble pressure due to the dynamic head of air edmi tted ·tromthe nose. Note 
that atu indicates pressure in atmospheres above normal atmospheric pres
sure while ata is the pre8sure above absolute zero. 

A~' one time the Germans thought that air explosions ot A-4 were due 
to an implosion ot the alcohol tank on reentering the atmosphere. There
fore they placed three N2 flasks in the nose section ot the rocket and 
pressurized the alcohol tank with these bottles aften the first 4e 8ec. 
Shots me.de trom P'ebruary through July 1944 tollowed this procedure .. 

There were aeveral other theories tor the air explosions ot A-4 
such as skin flutter near the nose. This was thought to cause tearing 
open ot the skin and disintegration of the rocket. A double nose skin 
was added a8 a preventative. 

In order to teat the entire cOTering structure for weak spots and 
A-4 was ~e air tight, attached to the Peenemunde wind tunnel sphere 
and evacuated. The weak points as shown in this teat were strengthened. 

During this time 100 test A-4 f s were made at Mittlewerke and fired 
in Poland. Atter trying various devices the percentage breakups was re
duced trom 60% to 15 or 20%. The designers felt that they had solved 
the problem on the way up but not on the way down. 

~ is known in starting the burner. O~ is adm! tted first followed 
by alcohol.... In order to prevent 02L fran being forced up the alcohol 
holes in the topfs a cylindrical paper barrier is placed in each topf. 
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'!he initial thrust of A-4 is 8 If which is not sufficient to raise 
the rocket. Pull 25T ~lrust is then applied until the pre BrenschluBs 
signal when the thrust is cut to 8 T (all metric tOT1-B) which produces 
about 1 g acceleration to allow time for a more accurate determination 
of velocity. '!he duration of the 8 1r thrust is about :3 sec. 

Each of the Hz02 generators, turbine pump units and venturis com
posing the propulsion system of an A-4 are tested separately and ulen 
matched in assembl1 in order to produce a standard thrust. 

The Hz02 units produce saturated vapor at about 275°C. and at a 
rate which is measur3d in test. About 15-18 kg. of potassilUn perman
ganate and 120 kg of H~2 are burned in 60 sec. 

Turbine tests are made at load under constant conditions. Water 
supplied from a :3 meter head is used in place of 02ll and alcohol ~n this 
test. Output pressures are the same as in A-4, that is 27 atu for the 
alcohol and 25 atu for the 02L pump. Turbine speed for these condi tiol'l-B 
is measured. Normal units :1hll between ),,800 and 4, 000 RPM. 

'!he venturi units are statically tested in the prufstand south of 
Saalfeld. During this test two reactant rates and four pressures are 
measured; the four pressures being 02L at the inlet to the topfs, alco
hol pressure at the entrance to the jacket, and at the exit from the 
jacket, and the combustion chamber pressure. 

Test ~ta from each unit is studied at the assembly plant where 
three suitable uriits are matched ' to form one standard propulsion try&
tem. For instance a OOmbustion chamber requiring a high re.aotant pres
sure drop is matched with a high speed turnbine and a hi~ capacity H202 
unit. In this ~ the ~tandard jet velocity of 2,050 ~sec. is main
tained. 

The eccentric gadget on the outboard end of the alcohol pump shaft 
is an overspeed device which permane:ntJ.y shuts down the steam plant if 
the turbine speed reaches 5,000 RPM. This will operate if either re
actant fails to feed, thus preventing a turbine explosion. 

'!he A-4 has been manufactured and u~ed with two different sizes 
of aluminum tanks. Also three different insulation schemes are used. 
By using a minimum of insulation and large tanks the burning time can 
be increased from 63 to 68, sec. and sometimes as high as 70 sec. giVing 

. a inaximum range 'of 390 kIn. 
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steel tanks have also been manufactured. 

Riedel III has developed a treated textile, flexible, alcohol tank 
which has severaledvantages. usch as saving transport room, conserving 
aluminum, saving weight as it weighs only 80 kg. for a tank holding 12.50 
kg. of alcohol, and its collapse under external pressure does not cause 
trouble. A-4 t s equipped with these tanks have been shot to England. 

There has also been developed a paper 02L tank made from compressed 
wood paper with a small amount of rag stock added. The tank is treated 
on the outside but not inside. Its. total weight is 120 kg. for a wall 
thickness of 5nm. No insulation is required on this tank thereby saving 
additional space and weight. In addition the tank is more rugged for 
transportation and handling. No rockets containing this type of tank 
have been shot to England • 

. In normal firing it is desired to leave at least 125 kg. of reac
tant in each tank after Brennsch.luss. However the A-4 system is equip
ped with an Ausbrenner command which will allow burning until one of the 
reactant tanks is empty. 

In the later A-4 shots 75% alcohol was used. In order to prevent 
corrosion 1 to 1.5 parts per thousand of potassium bichromate (Kalium 
bi chromat) were added. 

Graphite vanes for the A-4 are made ~~th a bulge projecting redial
ly inward from the leading edge. The reason given for this design is 
that as the vane burns away approximate balance should be preserved. As 
the bulge is placed at the point of greatest erosion it may help to pre
serve the final shape but probably not the balance. 

The amount of alcohol added directly to the combustion chamber and 
venturi for cooling is stated by Riedel III to be not over 10%. 

In vertical test firings A-4 ' s have been followed visually 150 km. 
up by means of special theodolites. For such a test the rocket is 
painted yellow and fired after sunset, but while the sun is still shin
ing at high altitudes. 

The last production A-4's did not contain a gyro type of integrat
ing accelerometer. 
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~duct.ion cost.s of .4-4' s ara given as jO,OOO marks at. the begin
ning, 2.5-30,000 at. the production peak of bOO/mo. and shcnUd have reach
ed 20,000 marks at. the iut.ended production of 900/mo. 

in the neighborhood of Lauenst.ein, 80 km. south of Weimer, is sit
uated the test stands for A-4 motors as well as a large ~L plant.. This 
developaent. is bu:Ut. into an extensive slate quar17 on a lU.ll top, otf 
the mein road. 'the ~J" plant. is ent.irel, underground in tunnels eut.er
ing the face of the quarl'7 about. half way down. Twelve unit.s produce 
120 T/ daY' of ~2L with b more unit.s being set up or projected. There is 
storage for l,u m' of ~L • 

.Mounted on t.he side of the cliff are two st.atic test. st.ands tor 
A-4 vent.uri.s, in which the unit to be test.ed is run out on a platform 
over the edge of t.Qe quar17 side where it is allowed to exhaust. through 
a hole in ,the platform. 'J.'hrust. is t.aken b, jacking the vemuri &wn 
from an overhead st.ructure. Six measureml!lnts are taken as mentioned a
bove in describing the lZ"oduction test.s of these uDi:ts. DuriDg test 
runs t.he noise has been heard 100 km. aware 

This plat has not been damaged in ~ wa,. 'J.'he operating person
nel who are present. st.ate that theY' could set. up to manuf'a<rt.ure 02L and 
test. vemuris w.i:thiil one week. 

M41t.i.np,] H dgtes 

un 24 Mq 1945 Specht was interrogated at. Ilfeld b, Lt. Harker, 
Navr Tedl. KlSU tad the writer bringing forth these additional fact.s 
concerning A-4. In sCllle respects these not.es do not. agree with thoae 
written previousl1' l2l M.a.r}. 

Two t;ypes of A-4 ignition have beEil employed. '!'he firat., which 
was never satisfact.cr1', developed in this wa,. OriginallY' a sing:le tube 
led a phos}ilorua compound into the venturi chamber where it was spraY'ed 
out.. On com.ing in contact wi:th air t.he phosphorus spontaneousl, ignites 
When the vezrt.uri temperature has reached a required level alcohol is 
admitted and 1/10 sec. later ~L. OoDlbustion chamber temperature is 
measured bY' 'means of a thermocouple on the vertical support. tor the 
phosphorus twe. Occasionall,' this device did not ignite so in order 
to start fresh the 'fent.uri was purged wit.h nitrogen brought from 8. flask 
in a. second tube. Then to insure having ignit.ion conditions again, air 
or gaseous oqgen was led into the ventun. through a third tube. 

This unsatisfactor1' s1'st.em was replaced b1' a p;rroteehnic firing 
device consist.ing of two 10 sec. Roman candles placed on the ends of 
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an horizontal wooden cross arm pivoted at ita center on a vertieal wood .. 
en stick running up into the combustion chamber& On electri cally firing 
these candles burned, r otating t he cross arm pinwheel fashion. Chamber 
temperature was taken as before. This device 1s r eported to be sat i s
factory. 

As mentioned above when igrii tion temperature is considered satis
factory alcohol is admitted through all normal alcohol jets. then O~. 
The turbine is not .1'UDning at this time a llowing only the static head 
of the liquid in the tEll ks to supply reactant s to the jets. When the 
resulting flame is considered satisfactory from vi sual observation the 
turbine is brought up to speed in 1 to 2 see. and t he missile takes off. 
Under the static head of the reactants an 8 T. thrust i s developed, w.1th 
t he pump running this 1s increased to about 30 T. The missile does not 
rise under the 8 T. thrust. On t he average the 8 T. t hrust is run for 
1-2 sec. only before starting the turbine. 

Specht reports the turbine speed as 3.000 RPM and the eccentric cut 
out at 3.400. 

Flame temperature in the 9lbusti on chamber runs from cherry red to 
yellow at a -pressure of 14 atu. 

The potientiometers in the reactant val ves are stated to be used 
for observation in the oontrol point only, 

Nozzles in all topfs are adjusted to meet a t a single point in the 
combustion Chamber. 

Ia cold weather the combustion pot is prewarmed before tiring to 
reduce mechani cal failure due t o heat shook. 

"'-4 Notes trom Riedel IlIon 25 May 1945 

Fig. 1 shows a thrust time graph of the A-4 propulsion un! t. After 
i gnition the rocket is allowed to burn under the static head of the re
actants tor about 2 sec. Then if visual observation indica1e s a steadY 
flame t he turbine is brought up to its full speed ot 3,850 RPM which re
quires 0.6- sec. The rocket takes off 0.8 sec. after the turbine is first 

s tarted. As atmospheric pressure is reduced with the altitude of the 
rocket , t he thrust reaches 29 T. after 60 sec. of flight. 
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The weight of reactants in the rocket at the instant of leaving 
the ground on a 250 laD. flight iSI 

~tohol 
Total reactants 

Reactant flow rat~s are, 

~tohol 
Total 

4.817 kg. 
3.855 • 
8.772 kg. 

69.2 kg/seo 
56.0 • 

12.5. 2 kg/sec 

Ratio of alcohol to O~ is 0.81 by weight. 

A specifio impulse of 200 sec. is indicated by the figure or 5 
gm/kg. s~e. for reactm t rate per un1 t of impulse. 

F1g. 2 indicates the sea level conditions tor velocity, temp~rature 
and pressure inside the l:A1rner. The exit pressure at sea level indi-
ca te~ overexpansion which w111 be rectified as the rocket gal ns a1 ti tude. 

10 8 m/sec. 

Press 2 

Temp 

Die 

A-4 Offen 

Fig. 2. 
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,3. Notes on Various Rockets 

Ensianl This is a ground to ai r missile propelled at subsonic 
speeds and controlled by normal ai le r ons. Its general outline and ap
proximate dimensions are about as shown in Fig 1. The warhead carries 
a charge of approximately 105 kg. 

Messerschmidt built the first bodies of wood but production bodies 
were to be of pressed paper about 25 1IIIl. thick with a few wood frames 
installed for mounting apparatus. Wet paper pulp was to be placed on 
porous mould, the mould evacuated and then both the mould and paper 
heated at about 1000C. to curo. 

An H2O:2 propulsion system by Walther of Kiel is used for main prc;
pulsion. In addition there are four boosters placed as shown in Fig. 2. 
These boosters are released by powder pistons at the end of their useful 
li fee Small tilted stub wing_ (see Fig • .3) on each booster help carry 
it ·radially outward away from the missile after release. Rhein Metall 
Boreig and Wasag make the boosters. 

Control 1s reported to be of the same type as H9 293. but simpler. 

Rh.eintoch.ter t Has been designed by RMB in th.ree types. all being 
intend.d for ground to air use. Type I (shown in Fig. 4) is e two stage 
4 Winged. solid powder rocket. After the booster on the rear is burned 
out it drops off. The missile is then propelled by the main charge ex
hausting through about twelve nozzles as shown at th.e left of Fig. 4. 

Type II is the same except that in place of the rear booster it 
carries four droppable booster rockets. set between the wings. 

Type III derives its boost in the same manner as II but is propel
led by a liquid fuel unit. In this pressurized system the air sphere is 
fastened directly to the cvmbus tion chamber end of the venturi unit. Re
actant tanks are forward. All piping leads outside of the tanks. Liquid 
is tekne from the tanks by the same flexible pipe scheme as us.ed in Was
serfall. Control 1s attempted by two nose vanes • 

. These missiles are supposed to operate in the supersonic range al
though the development probably isn tt far enough abng to determine char
acteristics at these speeds. 
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Taifupl Ia reported to be made in two sizes with both liquid and 
aolid propulsion systems for both. I n tm small size the powder version 
is more nearly perfected. 

!2U.r Indicates a small ground to air rocket for use against low 
flyiDg aircraft. Its 'Size. 3 em. in diameter by 60 em. long, is about 
the same as that of the small Taifun. 

. ~. Indicatea a wire controlled air to air missile having in Rie
del Ill's opinion a maximum range of 5 ku4 and a present flight distance 
of 2 km. 

In this connection Riedel III mentioned that wire control had been 
considered for A-4 during the burning period. 

Rotkappchen (little red cap) t Is a flying double Panzerfaust in
tended for ground to tank use. Developnent on this missile is reported 
to be nearly complete. Fig. 5 shows a general outline of the projec';1l.e. 
It is reported to be set oft trom two Panzerfauat launchers and wire 
controlled to its target by means of a circuit provided by the wire from 
the spools mounted on each wing tip. 

Rochen. Is similar to the previous missile but curies only one 
Panzerfaust (Fig. 6). It is launched in such a direction that it pan
cakes upward 'and forward and then glides toward its target. Wire con
trol is used on this misaLle which is stated to be ettecti~ up to 3000 
meters. Experimental flights at Hela indicated many aerodynamic diffi
culties. 

Flunderl Indicates a missi le which was intended to combine the 
good points of the Rotkappchen and Rochen into an effective anti tank 
weapon. EMW had started this work but never brought the project to test. 

4. Mlacelloneous 

Biedel III has reported that a new rocket tuel has been developed 
in GeI'lDllDY. tetra nitro methane. This oxygen carrier .as to be , used 
with Visol to give a calculated specific impulse 20% greater than that 
obtained trom liquid oxygen and alcohol. No rocket tests bave been made 
with this reactant as yet. The cost ot this tuel on a laboratory baaia 
is 10 marks/kg. ,but calculated production figures for large quanti ties 
indicate 0.40 marks/kg. or the same cost as gasoline in Germany. 
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At the end of March 1945 when Riedel III left Peenemunde there were 
10 metric tons stored there. As t here was no destruction intended at 
Peenemunde this chemical may still be available. 

In developing Wasserfall aerodynamically weighted models were drop
ped from airplanes at altitudes of 12,000 meters in order to study the 
stability of the design. One such model of Wasserfall was 77' long b,y 
8.8' in diem. or scaled down about 3~- 6 to 1 from the full sized projec
tile. 

This device is reported to be very effective in the study of body 
stability over a wide speed range. 

At Peenemunde there was built in 1938 a supersonic wind tunnel which 
was reported to be intact when the EW group left. In this apparatus a ' 
1.000 cubic meter sphere whieh is 99.8% evacuated is allowed to fill 
rapidly with a:l r through a duct containing a throat and expanding nozzle. 
The nozzle exit where models are placed is about 40 em. square allowing 
models 30 em. long by 5 cm. in diameter and 10 to 12 em. over the wi rIgs 
to be studied. .1n this tunnel a Mach. no of 5 could be mair~teilJed i"o~ 
27 see. and 10 for perhaps 5 to 8 s~c. 

Several interesting devices have been used by the EMW group to study 
combustion. Beck developed a water cooled pi tClt tube device for ex

ploring :the rocket jet. measuring gas compos! tien. pressuz'e snd tempera
ture. Details of these measurements he.ve not been de,te.rmined. A cooled 
tubular probe was also being made to investigate the inside of the cam
bustion chamber in the same manner. 

Many tests have been made with a fused quartz cc.mbustion chamber 
and ventuz'1, 9' long by 3' in diameter giving about 5 kg. thrust. AD 
explosion ended the career of this interesting device~ ~uart2 windows 
have been used in otherwise normal combustion chambers. 

In general tre German opinion is that with hypergoles very fine 
spray and mixing is not good but with monogols the spray s hould be se, 
fine 85 possi ble. A monogol haa never been used to cool a cc.mbustion 
chamber jacket. 

Sponner. who has wor-ked only with small monogole systems, has eon
structed ceramic combustion chambers and venturia. He has found that 
an alumina obtained under the trade name II steatic megnesi a· (7) produces 
the best product. The powder plus a binder in water or water glees 81011'9 
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are pre •• ad into a form. This pressing is then finished to s.hape. dril
led. etc. end finally s1 ntered. 

Beet (now dead) has made an apparatus tor measuring the jet Telo
ci ty of a rocket motor. Schilling should know the detei ls. 

Another rocket reactant has been mentioned which is supposed to 
give a S.I. of 195 sec. Data 1s rather vague but it is supposed to 
have been developed by I.G ... Leverkusen. made by the use ot carbide and 
large quantities of HiJ04 and used in the Me 163. Chemically it is 
H202• KMD04 t C2K3PH • Hydrozine hydrate. 

Acknowledgement, The wri tars of this report are indebted to Lt. Bu_el1 
and Lt. Harker, Ensign Gnau of Navy Tech. MiSU, Lt. Hochmuth. Ord. Tech. 
Intel. Team #9. and to Col. Cook's CIOS Team #163 for their oooperation 
in collecting information and apparatus. 
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nNES'fIGATICN OF ROCKET :msEARCH AT EIEKTROMECHANISCHE WBRKE G. m. b. H. 

lhoto No.1 Iboto No.2 

Photos No. 1 and 2 show the nose and ta~~ sections of Wasserfall found at Neubleicherode. 
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Pboto No. , 

Photo No. , shows sane o"f the parts o"f the larger Ty
f'un, liquid-propelled model. The tubes entering the 
picture "fran the right. are the two concentric react
ant tanks. These parts were "found at the mttlewerk 
t.unnel:! at Niedersachswerf'en. 

fuoto No.4 

Photo No.4 is a 100 em. rocket-launching rack, pos
Bib~ used early in the developnent. o"f Ty"fun. This 
view is "from the breech end showing a retaining latch. 
The guide t.ubes are st.raight. for four f"eet. at the muz
zle. This rack was a.1so found in the Y:i t.t.lewerlc tun
nels at. NiedersachS1l8rf'en. 

SEgm 

-44t\-





.. 

/) 

.. 

t • 

/ 

, 

) 



, 




