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Fig. 1  Cone head oven 39a for the centrally located injecting mix hole plate B8. This engine was to
drive the A4/series C. (© German Museum/Munich)

Fig. 2  Cover illustration of the summarising report on injecting
mix hole investigations, TH Dresden. (© German Museum/
Munich)
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Fig. 3  Willi Schwarz: Got vocational training as a metal
worker in the Breslau shipyard and prepared himself in
evening classes for a study. Between 1929 and 1931 he was a
sailor and got into close contact with boiler steam engines
and turbines. He completed his engineering studies at the
Höhere Technische Staatslehranstalt for Mechanical
Engineering in Breslau in 1934. After he had worked in several
enterprises he was employed at the Armed Forces
Headquarters (Oberkommando des Heeres) as test engineer
for the rocket engine test benches in Kummersdorf,
Peenemuende and Lehesten in 1938.

Fig. 4  Werner Baum: After he had attended the Oberrealschule
(secondary school) and had completed a period of industrial
practical work he got a training as an arms engineer at the
Heeresfachschule (Armed Forces Technical College) in Berlin.
Being the controlling engineer for the overall device A4 he
was responsible for the controlling departments in the
Mittelwerk, the test fields in Lehesten, Ober-Raderach, Attnag-
Puchheim. After World War II he changed from the
Electromechanical Plant in Peenemuende to the Zentralwerke
Nordhausen in February 1946.
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TABLE 1: Group of German Experts in Khimki. (© Olaf Przybilski)

Name, First Name Title/Profession Born Function in Khimki

Baum, Werner Engineer 04/11/1918 Deputy of the Chief  and Technical Designer; Dept. 61
Bönisch, Friedrich Engineer 18/02/1902 Manufact.; Dept. 61/Shop 55
Brötler, Hugo Welding Engineer 09/11/1898 Oxygen Plant; Shop 55
Chwalczyk, Rudolf Engineer 10/05/1908 Manufact.; Shop 55
Drews, Erich Copper Smith 06/03/1912 Manufact.; Dept. Laboratory
Eiseler, Hans Dipl.-Ing. 08/10/1913 Eng.&Design; Dept. 61
Gerhardt, Bernhardt Engineer 17/12/1893 Eng.&Design; Dept. 61
Grevesmühl, Alfred Director 10/08/1902 Manufact.; Dept. 61/Shop 55
Haase, Heinz Dipl.-Ing. 08/01/1910 Deputy Oxygen Plant; Laboratory Department
Henning, Bruno Engineer 05/03/1908 Eng.&Design; Dept. 61
Klippel, Alfred Engineer 26/08/1917 Circuit Electricity; Shop 55
Knack, Wilhelm Engineer 13/07/1903 Manufact.; Dept. 61/Shop 55
Knittel, Heinz Precision Mechanic 22/10/1919 Test Bench; Laboratory Department
Leihfeld, Ludwig Engineer 08/01/1898 Oxygen Plant; Dept. 61/ Laboratory
Meier, Otto Engineer 24/07/1918 Oxygen Plant; Laboratory Department
Neumeister, Lisa Housewife 13/09/1920 Translator
Pilz, Arthur Master 08/06/1912 Test Bench; Laboratory Department
Putze, Oswald Dr.-Ing. 28/08/1900 Manufact.; Dept. 61/Shop 55
Reinhard, Siegfried Designer 11/02/1919 Eng.&Design; Dept. 61
Schierhorn, Walter Welding Engineer 22/02/1907 Manufact.; Shop 55
Schwarz, Willi Test Engineer 19/11/1910 Deputy of the Test Bench Chief;Laboratory Department
Tannhäuser, Rosemarie Secretary 05/01/1919 Secretary; Dept. 61/Shop 55
Tschechner, Robert 1899 Manufacture; Laboratory Department

Winskowski, Henrik Design Engineer 1906 Eng.&Design; Dept. 61

Notes: Engineer (Graduated from Technical College), Dipl.-Ing. (Engineer with University Diploma).
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Fig. 5  An original drawing of the atomiser made in Peenemuende.

Fig. 6  The oxygen atomiser taken from a Russian design draft. The comparison with the German
original in the table illustrates that the drilling dimensions were exactly the same. The sectional
drawing shows that there are differences in the contour.
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Fig. 7  Sectional view of the combustion chamber of the RD-100. It shows striking resemblance with
the A4 engine at first glance.

TABLE 2: Comparison of Operating Parameters.

Parameter A4 Model 39 RD-100

Alcohol Consumption (kg/s) 58 57.8
Oxygen Consumption (kg/s) 72 74
Propellant Pressure:
 - Alcohol, in Combustion Chamber, (Mpa) 1.93 2.02
 - Oxygen, in Combustion Chamber, (Mpa) 1.93 2.04
Combustion Chamber Pressure (Mpa) 1.48 1.62
Combustion Chamber Temperature (°C) 2000 2300
Exhaust Velocity (m/s) 2000 2130
Thrust (kN) 257 267

(at 1,8 km altitude) (ground level)
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Fig. 8  The preliminary work to increase the engine thrust
began in the preburners. Here one can see the greatest
differences: to achieve a higherpressure the mass flow of the
propellants had to be increased, resulting in a greater number
of drilled holes in the oxygen atomiser: a: in the RD-101
versus b: in the RD-103.

(a)

(b)
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TABLE 3: Comparison of Engine Parameters.

Engine RD-101 RD-103

Fuel consumption (kg/s) 70.6 80.5
Oxidiser Consumption (kg/s) 102.3 115.9
Inner Chamber Pressure (MPa) 2.16 2.44
Specific impulse (sea level) (s) 214 244
Specific impulse (vacuum)(s) 240 251
Pressure of Injection into Chamber (MPa)

Fuel (Alcohol) 2.6 2.9
Oxidiser (Oxygen) 2.5 3.5

Minimum nozzle diameter (mm) 400 400
Nozzle mouth diameter  (mm) 740 810
Thrust at sea level  (kN) 363 432
Thrust in vacuum (kN) 402 500

Fig. 9  Cutaway combustion chamber of the RD-101: the main differences with itspredecessors
were regenerative cooling of the nozzle exit and the slitcurtain cooling of the preburners of the
combustion chamber.
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Fig. 10  The RD-101 steam generator with its solid catalyst - a
cutaway demonstration model.

Fig. 11  The plumbing connection diagram of the RD-101 with its toroidal tank.
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Fig. 12  The notably lengthened combustion chamber of the RD-103 was both the high point and
the end point of the development of alcohol-fuelled rocket engines in the USSR.

Fig. 13  Stuck in a corner in shame: The RD-103 in Korolev’s
training room at RKK Energia in Moscow. To the left, an RD-
108.
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Fig. 14  The decisive excerpt of the patent “Combustion
Chamber for Jet Engines” by Dr Mertz and others. Note
especially the ordering of the 13 and 16 guide nozzles one to
the another. Through drilled hole 15 fuel flowed out of area 14
and through drilled hole 12 oxygen from area 11.

(© German Museum/Munich)

Fig. 15  The recommendations of the Germans at Khimki for
the Soviet engines, as Werner Baum had already sketched at
Nordhausen in 1947: the oxygen guide nozzles were
shortened, so that the fuel mixed while still in the liquid
phase.
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Fig. 16  Experimental test stand KS-50. The water-cooled
combustion chamber for a guide nozzle lies between the pipe
framework of the lower part.

Fig. 17  Cutaway combustion chamber of the “Liliput”.
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Fig. 18  An unusual photo from Khimki: a test run of the 7
tonne thrust combustion chamber in a test of injector plates.

Fig. 19  The gas dynamics profile of the 120 t thrust RD-110
engine.
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Fig. 20  Combustion chamber No. 3 with 7 tonnes thrust for
the development of the mixing injector plates from the German
design department.

Fig. 21  The German 7-Tonner in its Russian version. Particularly notably are the Mertz nozzles in
the Baum variant. These guide nozzles with liquid phase mixture derived their optimised
configuration from the test combustion chamber KS-50 “ Liliput “. One notes that the diameter of
the nozzle mixing space is equal to the effective diameter of the mixture fog. 91 nozzles were built
into each injector plate.
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Fig. 22  The geometrical dimensions of the milled cooling
ducts of the RD-110bronze steel combustion chamber.

Fig. 23  The German combustion chamber for the project
No.4….

Fig. 24  ... and their Russian counterpart. Apart from the basic similarities, a smaller combustion
chamber and a slimmer nozzle are noticeable.
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Fig. 25  A fully assembled RD-110 in the kerosene cooled
version.
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Fig. 26  The R-12 from the German Groettrup team represented a technological building block
toward rocket staging and engine clustering.

Fig. 27  Officers of the Warsaw Pact familiarise themselves
with models of long range rockets. The model the German
A9/A10 is easily recognisable.

Fig. 28  The geometrical profile of the 25 t-nozzle.

����������GG�	��������	����	������������"	�������
$���

��������
$	���� ��������
��	���#99�&��
���%� � *������

�����������	�
)���9���	�5	�
������	��
���	�������	��

����� ��� ��	� ��	��� ��� �����"	��� �������	�����%� F��	��

"��	� ��	� ���"� ���	� ��� ��	� �������� �����	��� ������ ���


		�� ��	��	����$��������� �	(���	
	�������� �������	�

$�� �	�������� ����������	�� ��� ����	� 	����	�� ����� ��� ��	


)���9%� ��	� 5	�
��� �	����	��� ����	��	�� ����	�

����	����		����"�����������$	������	��	������ ��� ��	

�	(���	�� ��������� ���� $	� ����� ����	�	�� ��� ��	� ���	�

����� ���� ���	�� "����� ���� ��	� �	����� �������� �	������%

��������������"�����	�������
��������������%

��	� ���	� �� � ��	� 5	�
���:� ����� M�����N� .
)��9#L0

�	
����� ��&��"�%� )��� ��� �	��	� ��� �� ��$����	� �	��

$	��������	��#9�����	����#�9�����	�	����	�L�F��"��

��� $����� ���� 
��	� ������"�����L� ��	�� �	�	�� &�	"%

+	��	��3��
�����������������	���������	�M%%%�	"�#�

����
$����������
$	�������������������������������

��	� ���
�������	��	�����
$	��"����������������	��

�� � ��	� ��	�� �������%� *� ����� "��� ��&	�� ��� "��&� ��� �

�	"������	�����������������GG�	%%%%N�"��������������

������	������	�	����	O

���	�� ��	� 5	�
��� ��	��������� "	�	� ����"	�� ��

�	����� ��� ��	��� ��
	������ ��	�� �"���	�� ��$���� 	���

�	��	� �� � ��	� ���&	�� �	�	���
	��� ��	�� &�	"� ��� $	

���	�"��%�3�����	�	�"������������� ������������9%�2��

��	���
	�$	��������	
���	��������$�	%���	�3��
������

���� �����	�� ��	� 	��	���� ������� 5����&�� "	��%� ��	

�	���	����	�"�����"��������	�$		���	�	���	��.
)�

�9�L0� "����� ���	� �����"	�� ��	� 5	�
��:�� �	��
�


	��	��
��	�'�,)���9����4�V�
)���9%���#�9�����	

	����	�"��������	�$		����
���	���� ��	�����	�	�	�

#������	� ��A	���������	����
$��	�� ����������	���
�



421

The Germans and the Development of Rocket Engines in the USSR

$������� ���
$	�%� ����� "����� ���	� $		�� �� ��
��	


	��������������	�"	������� �	��	��	��	��� ���	�5	��


����������	�
)���9�������"	��?����	�:�����	�����

���	������	(�	������������	�����&	�%������"������"�

$�����$	�&���	��"������	�����	'���	�#������	���A	����

�����	�$���������$������	�#�9�����	������������������	

	����	� ���� ��	� #�� ����	� ������� �	����� ����	%� ��	

������ �	���� �������	�� ��	� ����� ����"���� ��
� �� � ��	

5	�
���%�F���������	����������$�$����		
	�%

8� *	����9!�
��
::�.��	

�����0;��8�*
�(
�

E���	����� �������������� ����� $������� ��	� ����	����

����� �� � ��	� 
�8�� ��	� �	��������� �	��$	�� 
�8��� ���

��	� �	���	�� �	(�	������������	�� �	������%� ��	� E��

��	�� 
�������� �������	� �	(���	�� �	����	� ���	�������

�	����� ����	� ���&	��%� ����� "��� ��	� $�����
� �� � ��	

���&	�����	
	� 
�D%� ��	� �D9� ����	� ���&	�� "��� �	�

(���	�� ��� ����	�� ��	� 8�����	� ����	��� "���	��� ��

����	�� )�
���	�	����� E�&�����:�� ����	����	� ��� ��

4999� &
%� ��� ���	�
	����	� ����	� $��&����� ��� "��

�	���	�� ��� ��	� 
������������� �� � ������$�	� ���&	�

�	������ ���
� ?����	�:�� I**�44%� ��	�	� ���A	���� $	�

��
	� ��	� ����� �	��� �� � �"�� �����	� ���	� � �	����	��%

��	�
����� ��	������������	����
	���
�����	�
�����	� �

"��� �	�	���	�� ���
� ��	� 
�#� ���	�� ��	� �	��	�����

�� �/�&�����?��
����H���	�%�!�������1���������/�����

"��� �	������$�	� ���� ��	� ������	�� ���A	��%� -	� �	�	��

��	�� ��	��������	�� �����������	��������� ���&	��
���

���
� ��	� 
��9�� �� ���	�� � ��	� 
������� �	������ �� � ��	

5	�
��� +���	������ ���� �	�	��	� ���&	�� 6#��� 8D� ��

8�7%� *�� ��	� ���	� �� � �����$�	� ����������	�� ��� �	�	����


	��� �� � ��	� 
�D�� �� �����$��&� �	����� "��� ������$�	'

��	� 
���� ���&	��� ����������� �� � ��� 
���� .��	�� 
��D0

����	���������	�������
���6�9�������7O

��	� 
�D� E	
���&�� .M����� ���� ��
$	�� �	�	�N0

"��������
	�������$��	�������	��	���������
	���

�� ���	�5��	�������	�
%���	�
�������������������	��

����� ��	��������� ���
��� � ��	�5	�
���5���"��� ��	��

���
� ��	� ������ �� � ��	"� �� � ���������$������ ���� ������

��������
������$�����%�?����	�:������	���"��������
�

$��	��	�	�����
������������ ���&	���W� ���5������
�8�

�������������	���	����������	%�*�������"�����	�	����	

���&	��������$	������	�����������%���	��	���������	�

"����
��	�����	�������"������������	���	����������

�	����	���	�������	����	����$���&������$		�������
	�

������	��"	�	�A	������	�%���	�
���
�
���
	������

�� ���	�$���&��"����	��$����	���
����������� ����������

���� ����"��%� ����� ������ 	�	����� ��������� ���"�� ��	

�	������ $������� �$���� $�� ����	
����� ������ �� � ���

�����$�	� ���	������	�%

*�� ��	��	��������� ����������G	����� ���	��
�����

���A	���� "	�	� ��
��	�	�� ��� ��	� ��������	�� �������

����������������������$����	
���� ���	������	����&	�%

5����&�:���	������������	����	�
)��9��������	����
�

$	��	����	�������	����������$����	������	�%�����������

������� �� � ��� �� .�����
� ������� K�� ��� ���� "	����� D4#

&�0%� ��	� �	����� ���	� ����	� "����� $	� ��"	�	�� $�

��	� ������� �������	� �����	�� 
)��9K� "���� �8� �� ������

.�����
� ������� K�%4� ��� ���� "	����� 49#� &�0%� *�� "��

	��	��	�� ����� ��	��� �	�	���
	��� ������ $	� $������

�����	��������� ���	����������	����	���������	"��	���

6�#7%���	������	��	��	��	��"������	����	���	�����	�


	����� � ��	�,)���9������	�
)��9#.L0� �������	������

��
���������	���������$	�����	�	��"������	��� �
���

����	� #������	� ��A	�����B� $��� ��	�� ��	� ��
���� ��� ��	

��������� "	�	� ���"�%� �� ��
$	�� �� � �	������ ���$�

�	
�� ������	�%� ��	� 
���� ���������� "��� 	��
�������

�� � ����� ��	(�	���� ������������� ��� ��	� ��
$������

���
$	���"�����"	�	��$�	��	����� ��	�	����	�"	��

����� ��	�
���� ������� �	�	�� �	��
	������������	����

����	������������ � ��	�	����	%� *��"����������	������

��
��	�	�$��������� ���	�����	�������"���������&���

����	� ��� ��	���
$����������
$	�%� *��������	
��� ��

����	� ������ ��	� ��
$������� ���
$	�� �	����� "��� ���

Fig. 29  The geometrical profile of the RD-106/106-nozzles. 817 injectors are in the injector plate!
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Fig. 30  The plumbing connection diagram of the RD-106.
Recognisable proven items from the German Aggregat 4
(five-branch pipe coupling and gas generator) can be noted.

Fig. 31  The RD-105 in its production variant. Combustion
oscillations forced the very long chamber design.
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TABLE 4:.Performance data of the Engines.

Type RD-110 RD-105//106 German 25 tonne

Fuel consumption (kg/s) 131.3 55 20.8
Oxygen consumption (kg/s) 347.9 149 52.2
Oxidiser to Fuel Ratio 2.65 2.7 2.51
Specific impulse/sea level (s) 244 260//250 263
Specific impulse/vacuum (s) 285 302//310 320
Thrust sea level/vacuum (t) 120/140     55/64//53/66 23

Fig. 32  Structure of the 25 t-combustion chamber: In the upper and lower sections curved copper
alloy sheet metals were used. Milled wall elements were employed in both centre sections.
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Fig. 33  The mixing injector plate of the 25 t-nozzle shows the arrangement of the liquid phase
bipropellant nozzles in concentric rings. Key:  1.  base plate (chrome bronze); 2. intermediate base
(steel); 3.  oxygen flange; 4. annular bars; 5. circular ring section of the combustion chamber head;
6. transition element; 7. bipropellant nozzles (chrome bronze); 8. fuel guide nozzles for film
cooling; 9. plugs.
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Fig. 34  The RD-107 - four optimised 25-Tonners in a cluster.

Fig. 35  The RD-107 in a cut.
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Fig. 36  The RD-107 as built in the first stage of the R-7.

Fig. 37  The R-7 - Basis of all Soviet space flight successes.
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INJECTOR TYPE RESEARCH SUBJECT PRODUCTION ENGINE FURTHER DEVELOPMENT 

 
 
 
 
 
BAUM mixing nozzle  
(1946) 
 
 
MERTZ mixing nozzle  
(1943) 

 
 
 
 
 
 KS-50  

         (1948) 

 
 
 
 
 
 ED-140  

         (1949) 

 RD-107/108 [R-7]  
         (1954) 
 
 RD-105/106 [R-7/]  

         (1952, n.r.) 
 
 RD-102/104? [R-4/R-6?] 

(1950/1951?, n.r.) 
 
 RD-110 [R-3]  

         (1947, n.r.) 

 RD-107/108 [R-7A] 
         (1957 ff)  
 

 

 [Sputnik, Vostok, Soyuz] 

 

SCHLICK  Alcohol swirl nozzle 
(1937) 
                    + 

    RUDOLPH LOX spray  
(1937) 
 
 
KONRAD Circular slotted injector  
(1941) 
 
 
 
 
ZINNER Shower head injector  
(1940) 

 
 
 Type 4 (1,5t)  

         (1938) 
 
 
 
 Circular slotted plate B 8 

(1941) 
 
 
 
 
 Shower head plate B 7  

         (1941) 

         RD-100 [R-1]  
         (1946) 
 
 Basket head chamber 39 

         [A 4/series B = V 2]  
         (1939) 
 
 Tapered head combustion 

chamber 39a 
         [A4/series C]  
         (1944, n.r.) 
 
 
 
 C 2 [Wasserfall]  

         (1943) 

 RD-101 [R-2]  
         (1947) 
 
 
 
 
 
 ? [A 60] 

(n.r.) 
 

S 2.253  [R-11] 
         (1951)  
                            
 S 2.1   [R-101] 

          (1947) 

 RD-101U [R-3A]  
         (1951, n.r.) 
 
 
 
 
 
 
 
 
 S 5.2 [R-17] 

         (1955)  
 
 S 09.29   [W-300/ 

Berkut] (1950) 

 RD-103 [R-5]  
         (1951) 
 
 
 
 
 
 
 
 
 
 
 
 
       Przybilski 

 (   ) = Development start, [   ] = Rocket integration, n.r. = not realized 
 
 

The family tree of the German/Russian liquid rocket engine development 
 
 
 


 


 


 

Updated overview


