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A Note by the Publisher 

Toward the end of the last century a. few farsighted individuals became 
t thoroughly convinced that man could f ly . Today their names are a l l but 

forgotten bat their technical achievements wil l endure for centuries. 

Today we are on the threshold of Banned flight between the planets* 
Drs. Eugen Sanger and Irene Bredt are prominent among the handful of pioneers 
whose dedicated efforts have made possible this vista. 

"Uber einen Baketenantrieb fur Fernbomber" i s based on more than a decade 
of effort by the authors* The material i s condensed. This report contains 

, only about one-third of ths Information which the authors had available at the 
tine of writing j a l l of the mathematical derivations and much of the support­
ing and supplementary information were omitted. 

In spite of this fact, the report i s , in effect, s definitive treatise. 
I t catalogs new problems and outlines solutions to the more important ones. 
For years to come i t wi l l serve as a storehouse of vital concepts for the 
serious student of rocket science. For these reasons, i t s publication at 
this time seems warranted. 

Since 19U5, Dr. Irene Bredt (now sSngsr-Bredt) and Dr. Eugen Sanger 
have ^ived in Paris, where they are employed by the Arsenal de l'Aeronautique. 
Dr. Sanger i s also president of the International Astronautieal Federation. 

« 

sidle the Technical Information Branch, BUAER, Navy Department, has very 
generously furnished copies of their translation of "Uber einen Raketenantrieb 

t fur Fernbomber" to many public libraries and research institutions, this i s 
the first time the report has been available for public sals . The publisher 
would like to thank the u\ S. Havy, without whose permission this publication 
would not have been possible. 

Robert Cornog 
Santa Barbara, California 
16 November 1952 



FOREWORD 

The application of pure rocket propulsion to aeronautics suffers a t present froa, l imita­
tions imposed on exhaust -speed and flight velocity by constructional d i f f i cu l t i e s . 

Because of the thermal s t resses on the engines, the exhaust speed is not raised to the 
physically possible l imits . 

Because of the mechanical stresses on the airframe, the velocity of f l ight has not yet 
gone beyond the velocity of sound. 

Cki the basis of extensive physical and physico-chemical s tudies , we shall discuss some 
poss ib i l i t i e s which are opened for the rocket propulsion of long-range mili tary a i rc raf t when 
these two limits are surpassed. 

In addition several suggestions as to construction are made, which should f ac i l i t a t e over­
coming the present l imitat ions. 

These investigations on thi> problem of long-range military rocket aircraf t originated as 
a jo in t work of the two authors during the years 1937-1941 and were intended, together with the 
material of report LM-3509, to be a second volume of "Hocket Flight Technique", by the senior 
author. 

As a resul t of circumstances caused by the war, publication was postponed and the resul ts 
of the work, issued in abstract form in the present report. 

Sanger 

Uig.) 
Bredt 

Ainring (Upper Bavaria), August 1944 
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I. Fundamentals 

The range of flight-speeds several times the velocity of sound is the exclusive province 
of the pure rocket, which develops the propulsive j e t entirely froir. the fuel carried on board 
the a i rcraf t . The pure rocket can also compete in cost at lower speeds, if propulsive forces of 
great magnitude or short duration are required, or if no surrounding air is available, e.g. under 
water or outside the perceptible atmosphere of the earth. These special character is t ics aive 
rocket propulsion a broad domain of application to military techniques, which can be outlined as 
follows: 

Propulsion of project i les or bombs, in which the re la t ive ly strong," short duration pro­
pulsive forces can be achieved in most cases by powder-rockets. 

Auxiliary drive for propeller- , or j e t - a i r c r a f t , with operating periods generally under a 
minute, for which liquid rockets with compression-drive can be used. 

Auxiliary or principal propulsion for vessels with period of operation of several minutes, 
so that rocket motors having fuel pumps, but without high exhaust speed, aie required. 

Main drive of aer ia l torpedoes against land, sea, or air targets , with moderate to long 
times of operation, in which high exhaust speeds are important only for quite larse ranges, 

Main drive of fighter or bomber a i rcraf t , e.g. for fighter defense at very hieh a l t i tudes 
or for military a i rcraf t operating over very great distances. Both propulsion-time and exhaust 
speed set extreme requirements for the rocket motor. The last-mentioned application, the rocket 
bomber, i s treated in more de ta i l in the present report . 

Pure-rocket engines make only very incompleLi; use of the energy made available by the fuel. 
However since the craft is not loaded down by the energy carried on board but rather by the 
weight of the fuel, th is disadvantage can be counteracted by use of fuels with the maximum pos­
s ible energy content per unit weight. Thus rocket fuels represent, on the one hand, carr iers of 
energy with maximum concentration of energy per unit mass and per unit tank space; on the other 
hand, they are the carr iers nf those masses from which the j e t pi" the engine is developed. 

According to the method of feeding the fuel (which,- in the tank, i s liquid or solid) into 
the combustion chamber of the rocket, we can distinguish between various modes of operation of 
the rocket motor; e.gj- rockets with periodic propulsion, which are character! le i by moderate 
Values of the work for feeding the fuel, th» temperature s t resses in the walls in contact with 
the flame, the exhaust speed and the thrust; and rockets with continuous propulsion, with arbi­
t r a r i l y high constant flame-pressures, high constant exhaust speed, maximum thrust for given 
dimensions and maximum thermal stresses of the furnace walls. 

The type of construction of the walls in contact with the flame is determined by these 
s tresses, 

The type of construction using the heat capacity of the wall-material gives very simple 
solutions, which are however applicable only to periodic propulsion, or to continuous propulsion 
over short periods at moderate furnace temperatures. For example, the 20 mm. thick metal wall 
of the j e t - th roa t of a powder-rocket at 280$°K and having thermal conductivity 4000 k cal /m*h 0 , 
begins to melt on the side in contact with the flame after 2, 4, B, 10, 14 or 90 sec, if i t is 
made of Al, Ag, Cu, Fe or Pfi, Pt, or I r , reap; this can be shown by calculation and can be qual­
itatively checked by t e s t s on welding torches, 

Designs of combustion chamber walls using the best refractory materials giv e somewhat more 
complicated arrangements and longer propulsion times, which are in general limited mainly by 
cberaical changes in the wall material. The best heat res is tant materials, (melting points given 
in °C) which would be of in teres t in th i s connection are for example: beryllium oxide (2500), 
molybdenum (2600), zirconium oxide (2700), magnesium oxide (2800), thorium oxide (3050), titanium 
carbide (3140), rhenium (3170), tungsten (3380), zirconium carbide (3500), tantalum and hafnium 
carbide (3700) and graphite (4000). with these materials, using non-statiotiary thermal condi­
t ions, the driving times can be extended further than the Values givei1 previously. 

Design using condenser jackets around the combustion-chamber walls is similar to that 
used in internal combustion engines for controlling the hot, strongly superheated combustion 
gases; i t i s however limited to moderate combustio* temperatures and pressures for which the 
heat flow through the wall i s everywhere less than 1 h.p / tD |2 so that the velocity of the coolant 
need not be raised above about 10 m/sec. J 
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