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Rocket Propulsion

A Résumé of Theory with an Account of the Practical

IHOUGH rockets have aroused a good

l deal of public interest during the last

few years and a great number of very
interesting books and articlest have been
published about the theoretical side of this
new science, little is generally known about
the experimental progress that has been made,
especially in Germany and the US.A. In
describing this science—the Americans call it
‘“ rocketry ""—as *‘new,” it is to be under-
stood that this term applies only to the
mathematics of it. The ordinary powder or
‘“sky " rocket is by no means new, but has a
long and very involved history, going back to
Hassan Alrammah, called * nedshm-eddin ”’
(The Faithful) in A.n. 1280, who designed the
first rocket-driven torpedo.  But though rockets
in general (i.e. the powder rocket, which alone
existed previous to 1929) have a history of
almost a millennium and have cven been of
historical importance (Sir William Congreve’s
war-rockets), the manufacturers of powder
rockets knew nothing about their mathematics,
When, for example, in 1928 the German Verein
fiir Raumschiffahrt discussed the problem of
exhaust velocities and impulses, its president,
Johannes Winkler, asked the largest rocket
factories about this information and received
the answer that they did not kuow it and had
no way of determining it. Winkler was ‘there-
fore obliged to take the thrust-diagram of a
powder rocket himself (Fig. 1). This diagram
revealed that the thrust of a sky-rocket lasts
for only two-tenths of a second ; this result was
really amazing and the most amazed were the
manufacturers of these rockets.

The fundamental mathematics of rockets
are comparatively simple. ‘They are based on
Sir Isaac Newton’s third law of motion that
*“every action must have an opposite and
cqual reaction.”. The basic formula s
MV=my. Ithasbecome customary, however,
to use other letters for the designation of the
different velocitics and to call the velocity of
the rocket itself v, the velocity of the exhaust
gases (rclative to the rocket) ¢, the thrust P
and the ratio of fuel weight and rocket weight
Mof11ty.

{The method by which the formule governing
rockets and rocket flights are derived is not
shown here, as it has been done very thoroughly
by Oberth, Ziolkovsky, Robert Esnault- Pel-
teric, Rynin, Siinger and others. Only a few
of the principal formulx, especially those that
are of practical value in judging the experi-
ments already made, are given,)

The Principal Formula
From the differential equation

m.dytc.dn=0 ........(1)
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we arrive easily at the expression
v
.m,,::m,.c“'......... ..... (2)

¢ in this formula is 271828183 ... the basic
number of Napier’s * natural” logarithms.
In a more simple form the same formula looks
as follows:

v=c.lognatme/m; ........(3)
This formula gives at once the clue to the
determination of what amount of fuel a rocket
has to carry when the condition » = ¢ is to he
fulfilled. In this case my/my = ¢, so that the
general rule runs as follows :

v = ¢ when me/m, = ¢
v=2 W =t
=3 ,, ,. =% ctc.

o3 & 20-1 represents a rocket capable of carrying
over twenty times its own weight in fuels,
which may be very difficult to construct. But
e? 2> 7+4 is doubtless possible (as has been
indicated by practical cxperience), so that we
might expect rocket velocities of double the
exhaust velocity. The probable altitude is
governed by the well-known formula for

projectiles
v,
I;=,~,Z.sm’a ceriieseas <o (4)

-~

where 4 means the altitude, g the (retarding)
acceleration of the carth’s gravitation and o the
angle of elevation. It must be remembered,
of course, that this formula is not valid as long
as the rocket is burning. The value of v is
determined most simply by

V=@l civerironeenns (5
wherc a refers to the acceleration and ¢ to the
time of burning. The altitude s of the powcered

0.1 03 04 05 06 07 0.3 Sec.

The factor @ in the formulke (5) and (6) is the
so-called ** effective acceleration ”’ (upwards),
i.e. the ‘‘absolute acceleration” minus one
gravity (32 ft. per sec. per sec., or 9481
m. /sce. /sce.), the force of carth’s gravitation,

As the formula (3) shows, in order to attain
the high speeds which are the ** raison d’¢tre ™
of rockets, it is much more important to have
high exhaust velocities than to cject large
quantitics of mass (gascs) in the time unit.
This obvious conclusion finds its confirmation
in the table below for m,/m,; given by
Professor Oberth in my book, Die Mdiglichkeit
der Weltranumfahrt (1928).

Experiment, therefore, cannot be expected to
yield satisfactory results with fuels of low
cxhaust velocities. Only fuels with a high ¢
should be used, cven if they are comparatively
unknown. The question of fuels is consequently
the most vital one in the practical development
of rocketry.

The Problem of Fuels

Many writers have expressed their doubts
whether rocket experiments will ever lead to
the ultimate result—space travelling—before
new and much more powerful fuels have been
discovered. It is, of course, too carly to
discuss the problems of space-travelling from
other than a purely academic standpoint.
But from this standpoint it may be said that
therc is no reason why we should wait for
the possibly distant discovery of new and
ultra powerful fuecls. Oberth, von Pirquet and
others proved that (provided ample financial
help to solve the purcly technical problems)

— hor 1as b . ' ments. et flight is the present day fucls are powerful enough to
‘Ihe author has been concerned in experiments i rocke! a 1 i
propulsion both in Germany and the United Sates. S= .8 ciiiiieaiie.l(6) overcome the gravitation of our m_Otl'cr p!a"ct
§ See List of References 1o Literature on p, 230, 2 which happens to be the largest in the inner
. "o
TABLE FOR ‘"Tl
% 500 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000
el 000 .. 16 272 7-99 200 545 8 405 1,089 2,982 8,060 22,070 60,000 63,100 ) 2
22000 129 164 272 448 7-39 12:2 200 aso 515 896 1487 i i Py xl,be»f"m" Y
,000 118 1-49 194 272 378 5-29 7-39 10:25 14:85 210 27.95 49-0 516 761 1063 1487
4,000 193 129 1464 21t 2.72 349 448 576 7-34 950 12:20 1575 20:0 254 43.2 42.7
5,000 110 122 )49 192 223 2.72 332 406 4-05 606 7-39 902 110 1947 16042 20.0
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solar system. The formula for the nccessary
velocity to reach / = oo is simply
Y 2 ()]

£ is 981 m./scc.? and 7, the radius of the
carth, 6,370 km., thercfore
Tpar OF ¥y = 11-180 m. /sec.

Assuming ¢ = 5,000 m./scc., which is pessible,
a ratio mmo/m; = 904 would be nceded—in
actual flights, of course, it would be somewhat
higher for various rcasons. How the many
difficultics an actual flight would mect could
be overcome—Dby means of step-rockets and
other ingenious and feasible methods—has
been shown by Oberth and von Pirquet. It
would be a waste of time and space to discuss
these questions here.

Only one very common mistake of the
antagonists of the rocket will be mentioned.
The argument, which has misled even physicists,
maintains that the power to overcome the
gravitational influence of the carth amounts
to about 6 million kilogram/metres (mkg.)
for cvery kg. of weight involved. It is of no
conscquence how great the acceleration is or
whether the ascent is made on a straight line
or not. The most powerful known fuel is a
mixture of liquid oxygen and liquid hydrogen,*
which gives about 1,700,000 inkg. per kg.
Thercfore it has been argued that it must be
impossible to lift a body out of the carth’s
influence because the fuel could not cven lift
itsclf, lct alonc the machine and its passengers
and provisions. But all the fuel is not lifted
out of the carth’s gravitational influence: it is
the machine and the cnergy of the fucls; in
the state of kinetic encrgy, or momentum, of
the machine. Necessarily the fucl consumption
is largest in thc immediate vicinity of the
carth, as long as there is much other fuel to
lift. The encrgy has no weight, even from the
standpoint of rclativity.t

Abandoning these future questions we shall
progress to the known fucls to sclect those
which are most promising. Fucls arc generally
divided into ** self-supporting " and * not self-
supporting,” the latter being those which need
oxygen for their combustion. Seclf-supporting
fucls for the purpose of rocket propelling can
only be powders, some of them having been
specially investigated :

Yoy =

of their products (HCl for example). Others
arc poisonous (N,0,;) or explosive or they
need too much energy before releasing their
oxygen content. All these rcasons combined
restrict the list for practical use to O, and O,.
Dr. Eugen Singer gives in his book Raketen-
Jlugtechnik, tables of all possible combinations
of fucls and oxygen-carriers. The most promis-
ing are the following combinations. All the
figures arc theoretical values, assuming com-
bustion without losses, which is in practice, of
course, impossible. The real values will be
between 60 and 80 per cent of these, according
to the usually high efficiency of the rocket
motor.

combustion chamber and the nozzle, called for
short the ** rocket-motor.”

The flame of the rocket-motor is almost as
hot as (somctimes even hotter than) the flame
of the oxy-hydrogen torch. The lowest limit
of temperaturc of the flame can be estimated
at 1,200 deg. C.—usually it will be around
2,000 deg. C. at minimum.

Therc arc not many ctals that have a
higher melting point, but it must be remenbered
that a rocket motor is used only for short times.
Even the motors of a hypothetical space-
machine would have to burn only 8 minutes
until the velocity of liberation is reached, when

I in 108
mky. per kg. ¢ In wysec,
1 kg g - 8 hg. Oz = 9 kg, H20 . ve . . . .e . . « 136 5,170
1 kg.ll§+8ku.0§-9}~u.ll .o ‘e . . . . . . PO ] 5,670
(Methan) 1 kg, Clig + 4 kg, Oz = § kg, COz and 1120 .. . . . . . . PP <] 4,490
” 1 kg, Cllg + 4 kg, O3 = 5 kg, COz and [120 ..° . . e . . . oo 127 5,000
(Octan) 1 kg, Cal;;s + 35 kg, 02 = $:5 kg, COz and H0 .. .. . .. e .. .o ot 4,450
. 1 kg, Cglljs + 3°S hp. O3 = 4°5 kg. COz and H20 .. .e e . .o oo 13 4,960
(Benzol) 1 kg. CeHlg + 34 kg, Oz = 44 kg. COz2 and H20 .. . . . . . e 093 4,270
”" 1 kg. Cgblg + 3°4 kg, O3 = 4°4 kg, CO2 and H20 .. . . T B Y 4,800
(Alcohofj T kg, CoHgO + 208 kg, Oz = 308 kg. COz and H0 . O £150
" 1 kg. C2HgO -+ 2'08 kg, O3 = 308 kg. COp and 120 . .. . e 1w 4,630
1 kg, C + 267 kg. Oz = 367 kg, COz .. . .- . o .. 095 4,320
1 k. C 4 2'67 kg, O3 = #°67 kg. CO2 ., .o .. . . . . .o oo 117 4,800
130
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Name
Powder from ordinary sky-tockets .. . . e .

Powder from coastguard life-saving rochets. . . . ..

Dupont Istol powder No. 3., . .. e - .e
Hercules Comp, powder jnfallible . ve . . .

¢ (theor.) ¢ (incasured) Measured by:

ve . 1,800 m./sec. 600-800 . /scc, Winkler and
Raketenflugplatz

. e 2,350 ,, 1,600 ,, Dr, R. H. Goddard

. 2,860 20 ”» "

. . 3,220, 2,434, v .

The commonest powders have the lowest
exhaust velocity, and most designers dread
the use of powder, which is apt to explode
without visiblc recasons. Furthermore, powders
have many other disadvantages when com-
pared with liquid fuels, which are much
casicr to handle and to control.

No liquid fuel (except nitroglycerine) is
“ sclf-supporting " ;  they nced oxygen for
combustion, and for this rcason we have to
pay attention to the * oxygen-carriers.” They
are the following :

Contalning weight
per cent of oxygen

K C104 (Potassiumperchlorate) .. . e 46-2
KNOs3 (Saltpetre) . . e o 48§
HCWOG .. we ee ae an i 680
N20s (Nitrogenpentoxide) .. .. e 742

1NO3 (Nitric acid) . o 768

1202 (Hydrogenperoxide) . .- e 942

03 (hquid Oxygen) . .o .- < 100

03 (liquid Ozone). . .. N .. . 100
Some of these oxygen-carricrs cannot be

used, either because of the chemical reactions
they cause (HNO,), or because of the reactions

* Possibly Ozone (Oi,l and Elyzone (1135) or monatonic hydrogen
will be more powerful, but these fucls are searcely known to-day.,

t This argument is the same as caleulating the possible altitude
of an arrow shot on the assumption that bow and arrow are tied
together.  Analogously no bow could shoot higher than 20 metres.
The bow welghs about 1 kg, and the energy stored in it (from the
biceps of the archer) is about 20 m,/hg., suficient to lift bow and
arrow a little less than 20 meires at the earth'’s surface.  But the
encrgy projects only thie light arrow, its weight Leing about one-
wentieth that of the bow, The altitude reached by the arrow
woukl average 400 metres, if there were no alr resistance,

Materials for Construction

The question which material should be re-
garded as most eflicient for rocket construction
cannot be answcered in general. The rocket
consists of various parts, all of them having
different conditions to withstand and diffcrent
functions; the rocket, as well as all other
vchicles, will have to be constructed of diffcrent
materials. The supreme consideration is, of
course, light weight, combined with sufficient
strength. This_lcads us to consider chicfly
the light metal alloys, aluminium and its alloys
(duralumin) and the magnesium alloys like the
American Dow-metal and the German Elcktron.
The fuel tanks arc the main weight of the
rocket; both magnesium alloys serve for this
purpose. But duralumin may also be used
for tanks ; it has sufficient strength to form the
framework and is still very good even at the
low temperatures of liquid oxygen. The great
difficultics are in the construction of the

working with an acccleration of 4g. It is
uite possible to put a greater strain on the
materials of a rocket-motor than on thosc of
any other motor without endangering them.
Astronautics, the official publication of the
Amecrican Rocket Society, recently published
the very interesting table, reproduced below,
of possible metals for the construction of rocket
motors, compiled by Mr. Bernard Smith :

The usc of graphite has been suggested
because it has an extremely high melting point,
but all its other features, such as thermal
conductivity and tensile strength, are very poor.
In fact, a graphite test motor of the American
Rocket Socicty cxploded during the first
second of firing, Obviously high melting point
and tensile strength of a metal are not sufficient
proof that it might be used for the construction
of an cfficient rocket motor; the thermal
conductivity is a factor of almost greater
value.

Practical Experimental Work

Actual rocket experiments have been per-
formed in the following countries: Germany,
Austria and U.S.A. For a long time Germany
was the only country in the world where
experiments were made, most of them under

. Thermal

Metal v \:?p'ul:'l (Eomlucli\':':(y

Meta vigh 20 e J{K)
Aluminjum ., . . 2,:'7 ppcsl:s 10
Duralumin .. . . a8 30
Copper . . e 89 100
Jron .. .. . . 79 15
Steel ., . .. . 78 s
Molybdenum .. . . 102 40
Tungsten . .o . 193 45
Beryllivm .. . . 184 10
Titanjum .. . . +8 40
Ber,-Copper ., e . e 82 4U

Melting Teusile strength
Point 1,0000b . per sq. inch

Hardness Centigrade at 13° C. 1.000° C

29 658 10 liquid

45 550 65 "

] 1,083 30 low

45 1,528 40 "

85 1,250 175 [

[} 2,620 Juo 50

7 3,370 560 15

68 1,280 -— —_—

7 1,795 — -_—

5 8364 193. liquid
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the auspices of the Verein filr Raumschiffahrt
or the German Rocket Socicty. The next
country following was U.S.A., after the presi-
dent of the American Rocket Society, Mr. G.
Edward Pendray, had visited (in 1931y the
proving ground of the Verein fiir Raumschiffahrt,
the famous Raketenflugplatz near Berlin.

The experiments are divided in two classes :

(1) Ground tests, motors alonc on proving
stands ;

(2) Test shots of rockets.

Test shots have been made in Germany
(Verein fiir Raumschiffahrt, Johannes Winkler,
Reinhold Tiling, Gerhard Zucker, the latter two
with powder rockets), in Austria (Fritz Schmied],
powder rockets), in U.S.A. (American Rocket
Socicty). Ground tests with liquid fucls were
made in Germany (Verein fir Raumschiffahrt,
Johannes Winkler), in Austria (Dr. Eugen
Singer), Rumania (Prof. H. Oberth), and in
U.S.A. (American Rocket Socicty and probably
Prof. R. H. Goddard, though no reports have
been published). Rumours about rocket-cx-
periments in Soviet Russia were never verified,
though the Russians contributed a large
literature, Al  cxperimenters used liquid
oxygen; the fuecls tested were: Gasolene
(Petrol) (Verein fiir Raumschiffahrt, American

/\

OXYGEMN
REVEAVOIR
COMBUSTION DETAIL OF
CURMBR; =~ f’ COMBUSTION CHAMBER
Y
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Tic. 4.—First type of vocket designed by
Prof, Oberlh

Rocket Society, Prof. Oberth, Dr. Siinger);
Methane CH, (Johannes Winkler); Alcohol
(Vercin fiir Raumschiffahrt, American Rocket
Socicty, Dr. Siinger); light oils (Dr. Siinger) ;
liquid (or gascous ?) hydrogen (Prof. Oberth);
petroleum cther (American Rocket Socicty).

The measured values of ¢ of some of these
fucls were

Gasolene (petrol) appr. 2,100 m. /sec.

(Verein fiir Raumschiffahrt)

Alcohol appr. 2,200 m. /sec.
(American Rocket Socicty)
Hydrogen appr. 4,200 m, /scc.

(Prof. Oberth)

Dr. Singer reports in the Flug (D.1V) that
he had recorded values for ¢ = 3,500 m/scc.,
Unfortunatcly he does not state for what fuel,
but it is sure that it was not hydrogen.

These achievements arc great enough to
justify hopes of quick progress; though the
results of the test shots do not look very
overwhelming., Powder rockets—the famous
Austrian post rockets of Eng. Fritz Schnicdl—
have rcached altitudes of about 3km. and
distances of about 5 km. (the rockets weighing
loaded about 30 kg.) ; the corresponding data
for liquid fucl rockets—the ** repulsors " of the
Vercin fiir Raumschiffahrt—Dbeing 1} km. and
3km. The heaviest liquid fuel rocket weighed
loaded about 70 kg.—that is, not much more
than the largest powder rockets of the German
Colonel Geissler in 1668 ; they were about

Fic.

T.—An Awmerican
experimental rocket

58 kg. heavy. But it should be remembered
that these shots have been test shots.

The construction of all rocket motors was
almost identical, but it must be borne in mind
that slight variations may mecan much. There
is certainly a great difference in the efficiency
of the rocket motors of the designers men-
tioned, but the motors of the Vercin fiir
Raumschiffahrt, the Amcrican Rocket Socicty,
the Cleveland Rocket Socicty, and Dr. Singer
look very much alike.

The German tests began with rocket motors
shaped like cones, the first being designed by
Professor Oberth and termed ‘' Kegeldiise.”
Though it had naturally a few flaws in its de-
sign (for example, an inner lining with ceramic
materials which proved to be utterly uscless) it
worked well, but the thrust did not exceed
7 kg. Iron and steel were the materials of
these first motors. The next were made from
copper; they were the oncs designed to propel
the first liquid fuel rockets, the so-called
Miraks.* Their power, though it was great
cnough to lift the rockets, was still not satis-
factory enough and in a long scrics of ground
tests the light-metal motors were designed.
Their fuel consumption was about 160 grams
per second, the thrust P about 32kg. Irom
these recorded data ¢ was easily computed :

P=c.dnfdt ...........(9)
cqualling 2,000 m,/sec. These motors were

=~ Abbreviation for minimum rakete, the smallest possible rocket
o contain liquid fuels.

) o .14 £ o -
L - e - — Yo ,“ - ) .~

16, 6.—Test stand of the American Rockel
Socicly

termed ““ type 16/32," the next step was the
* type 32/64 "’ (Fig. 2). The burning time in
the ground tests was made to vary between
30 and 90 scconds. At the Raketenflugplatz,
the characteristics of a motor were expressed in
the type number alone; it gave fuel con-
sumption, thrust and the value of ¢. The
American Rocket Socicty prefers to give the
impulse of the rocket motor in pound scconds.
This method has the disadvantage that onc
has to know the time of burning, which is not
necessary in the German terminology.

In the latest Amecrican tests John Shesta
for the first time mecasured directly the pressure
in the combustion chamber during the firing
period, in the four tests of April 21, 1935. It

TiG, 5.—An Oberth rocket in its launching
cradle
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¥iG. 8.—Cross-section of the Awmcrican vocket
shown in Fig, 7. O, oxygen intake, F, fucl intake

was always exactly three-quarters of the
pressurc in the tanks.

Cooling the Motor

There are two principal ways of solving the
problem of cooling the rocket motor—external
or internal.  Tor outside cooling among the pos-
sibles three ways that suggest themsclves most
strongly have Dbeen tried in practice. The
first is by radiation to thc air from a motor
not encased in the shell of the rocket. This
has been done in the rockets of the American
Rocket Socicty, also Winkler's first rocket met
its cooling problems in this way. Of the other
two methods one utilizes a special water jacket
around the motor. Most of the German rockets
were built on this system. The other method
cmploys onc of the liquids for cooling the
motor. Here cither the oxygen or the fuel
may be used. The first and sccond Miraks had
their combustion chambers in the oxygen tanks.
Though the tank was cquipped with a safety
valve it burst from oxygen pressure, so that
this mcthod scems not safc cnough. Cooling
the motor by means of the fuel was tricd at
the Raketenflugplatz and by Dr. Singer, in all
cases with satisfactory results.

Internal cooling can also be managed in
threc ways: cither by the injection of cooling
water into the combustion chamber through a
scparate injection nozzle or by mixing it with
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the fucl. This, of course, demands a {fucl
such as alcohol that can be mixed with water.
In the casc of an oxygen-hydrogen rocket the
fucl itsclf might scrve to cool internally, by
injecting the gascs in such a proportion that a
great surplus of hydrogen remains unburncd.
The alcohol-water mixturc has been tried
successfully both in Germany and in US.A,,
while the hydrogen cooling has been investi-
gated theorctically by Professor Hermann
Oberth.
Injection of the Fucls

In all experiments made so far the injection
of the fucls was made from tanks where the
liquids were placed under a higher pressure than

F

116, 10.—Cross-scction of rocket motor designed by Dr. Sdnger.
0, oxygen intake

D, fuel injection.

L, fuel pipe,

FiG. 9.— Cross-section of @ German rocket motor,
G, fuel intake. N, nozzle. O, oxygen inlake.
P, combustion point. J, waler-jacket. V, cooling
waler inlel, W, ccoling water outlet, S, air outlet

they met in the motor. But this method soon
reaches a limit in larger rockets because
the fuel tanks would become too heavy to
withstand the necessary amount of pressure.
In large rockets a pump or injector will become
indispensable.  The drawback of pumps of the
existing types are that they are comparatively
heavy and neted another motor to move them.
Morcover, their capacities are comparatively
small. A necw type of pump will have to be
invented, a pump that combinces large capacity
with lightness, durability and simplicity. The
only practical suggestion made so far is Oberth’s
pressure pump, which runs by the same fucls
feeding the rocket motor. Though the mcans
of injection nceds still more investigation, the
direction of injcction has been explored ex-
perimentally.  Generally the injection in the
direction of the exhaust is unwise because the
liquids have no time to vaporize and react
thoroughly. In the experiments a long and
brilliant flame indicates the fact that a part
of the combustion takes place in the nozzle or
cven outside the nozzle. To avoid this the
fuels have to be fed in at right angles to the
longitudinal axis of the combustion chamber
or cven opposite to the direction of the blast,
The problem has been investigated mathematic-
ally by Winkler (Diec Rakete, March 1929 and
December 1929).

Additional Devices

In order tQ bring the rocket back and to
locate it a few additional devices arc necessary.
TFor the latter small radio senders have been
designed. They cmit a single humming tone
{for long periods of time, thus allowing trace of
the rocket by triangulation. Anather method
is a small smoke cartridge which lcaves a thin
line of smoke in the sky, showing the trajectory
of the rocket.

To bring the rocket back parachutes are used.
Tiling used folding wings.  The parachute has
proved supcerior so far, but it has to be released
at or very near the apex of the trajectory,
when the speed is lowest.  To accomplish it in
powder rockets is not very difficult, but the
timing device for liquid fuel rockets is one of
the knotticst and most characteristic of the
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minor problems. A timec release suggests
itself, but it demands an exact knowledge of
the duration of powered and free flight. Time
devices have been used in all rockets of the
Verein fiir Raumschiffabrt but another method
is desirable.

All devices working with pendulums and
similar mechanisms depending on gravity are
out of the question, because the rocket is in a
state of *“{ree fall.” Next comes the plan to
utilize the drop in air resistance at the top of
the flight; this is practicable except that the
rocket may swerve and follow a trajectory
flat cnough, so that speed and correspondingly
air resistance never drop enough to actuate
the mechanism. A modification of this plan,
recently suggested by Peter van Dresser, may
prove morc practicable. His system depends
on the fact that during a rocket flight there
are two periods of increasing negative accclera-
tion (duc to the air resistance and independent
of gravity acceleration) ; first, when the motor
ceases firing, and, second, when the apex of the
trajectory is crossed and the downward fall
commences, A weight, suitably mounted on a
spring, will respond to these two periods by
successive movements towards the head of
the rocket. Various devices, mechanical or
clectrical, could be designed to respond to the
second of these movements, which by the
nature of its cause can only take place just past
the apex of the flight.

Efficiency
The efliciency of a rocket is deterniined by
two factors, called thermic and ballistic effici-
ency. The latter varies according to the

velocity, It is at its optimum when v =c¢.*
The thermic cfficiency nth was found in cx-
periments ranging from 57 per cent (powder)
to 80:3 per cent (hydrogen). A thermic effi-
cicncy of 70 per cent is thercfore guaranteed.
Probably 80 per cent or even more will be
reached, so that it becomes much higher than
that of the internal combustion engine and
approaches closely the high cfficiency of
clectrical machinery.

Referring to the discussion of efficiency
Professor Oberth asked the very interesting
question : When will the proportion E/A4 be at
its optimum ? 4 means the thermic cnergy
of the fuels before burning, E the kinetic energy
of the rocket after burning. He found this
optimum when m, = 4:94 m, or (which is the
same) when v = 1,593.¢c. E/A then becomes
647 per cent, which would be the highest
rossible cfficiency under the assumption of a
thermic efficiency of 100 per cent. Under the
present conditions we may guess that a very
good rocket converts about 50 per cent of the
energy of its fuels into kinectic cnergy. But
the proportion becomes better when ¢ is not
constant but increases with the velocity of the
rocket, so that v and ¢ arc always cqual or very
nearly so.

Air Resistance

All questions of air resistance bave been
purposely omitted because our knowledge of
this problem is still restricted. Because the

* The Germans call the Lallistic efficiency ** Strablwichungsgrad,”
which may be teanslated as * blast-utilization,”  The expression
should be introduced Into English to avoid possible nisinterpre-
tations.

thrust-efliciency of a rocket is best when v = ¢,
and low speeds result in a heavy loss of power,
it is essential for the designers of altitude
rockets to give them a high acccleration in
order to reach quickly speeds in the neighbour-
hood of the exhaust velocity. This is quickly
done even with Iow accelerations of 3 or 4 g
cffective, but I believe that the future altitude
rockets will average accelerations of 20 g—
possibly after penctrating the troposphere with
smaller acceleration. Thus the much feared
limit of 333 m./scc. will be recached in a few
scconds.  Until future rescarch in acrodynamics
has provided more and better matcrial it will
be best to follow ballistic experience and to
design altitude rockets in the shape of great
gun-shells, in spite of the higher air resistance
they may exist at less than sound velocitics.
LEven here the accepted lawst might not be
valid because the exhaust gases of the rocket
motor add a new and as yet unknown factcr.

For this rcason it is desirable that not only
rocket experimenting be continued on a larger
scale than before, but that it be advanced by
acrodynamical research.

The rocket, the simplest known prime mover
—without any moving parts—has now reached
a stage of development where experimentation
will soon lead to the first practical application :
the altitude rocket for the exploration of the
upper layers of our atmosphere.

$ It is, for example, very doubtful what becomes of the formula
for the air resistance L=FByv2.  F is the arca of the greatest
cross section, 8 the depsity of the air, y the * ballistic coellicient,”
¥ is almost constant between 0 and 250 m,/sce., rises between
sound velocity and 400 m,/scc, to 26 times ats former value, and
drops afterwards slowly to about 1-5 times its original value.
‘This co;xlocms shells, but not rockcts without suction clfect on
their tails,

turc and flying of light acroplanes from

official control.  This dccision will
give to the British aircraft industry the biggest
impetus it has received since the war and will
revolutionise flying for the private owner.

It is understood that a general exemption
cannot at present be given to all light aircraft,
but that, pending the neccessary Iegislation,
special application will be necessary for cach
type and make of machine.

The first light acroplanc to receive exemption
from Government inspection and control is
the DBritish Drone, the machine in which
Mr. Robert Kronfeld recently made successful
flights in Britain and to the Continent.

In a letter to B.A.C. Ltd., Hanworth, the
manufacturcers of the Drone, the Air Ministry
-specifies the conditions which will replace the
official regulations. The new system will
provide for rcasonable conditions of efficicncy
and safety similar to those which govern the
use of a motor car. Onc of the main conditions
is that a machinc must not fly outside Great
Britain and Northern Ircland. This is because
Great Britain has given freedom from control
in advance of all other. countries. Also, the
acroplanc must not carry fare paying passengers.
Third party insurance is compulsory as in the
casc of a motor car, and the machine must be
maintained in good repair.

By its decision the Air Ministry has now given
cffect to the principal reccommendations of the
Gorell Committee on Civil Aviation and has
placed the maker of light aircraft on the same
basis as the motor-car manufacturer and the
private owner on the same basis as the motorist.
The Civil Aviation Department of the Air
Ministry bas co-operated wholcheartedly in
devising the new code. It is significant that
while exemptions so far granted are in respect
of the ultra light single-scater acroplane, the
Ministry has not prescribed a maximum weight
or power and it is anticipated that, in the
rcasonably near future, machines carrying
from four or five passengers may be freed from
official restrictions.

1t is confidently anticipated the new system
will inaugurate an cra of low cost aviation and
will bring flying within the reach of anyone
who owns a car or & motor-cycle combination.

THE Air Ministry is to free the manufac-

*“ THE RED FLAG REMOVED ”’

The new system should enable reductions
in first cost of at Jeast 25 per cent to be made
with no sacrifice of safety or cfficiency. How
this saving will be possible may be instanced
from the building of the Drone typeof single-
scater light plane. A good magneto can be
fitted at a cost of 35s., but as soon as a similar
magnceto has to be certified by the Air Ministry
the cost jumps to £6. A reliable compass
can be obtained for £2, but the cheapest non-
luminous type of certified compass cannot be
purchased for less than £7 10s.

IEven greater saving is reflected in the
maintenarce costs, which are a heavy item
under present conditions. The owner of an
exempted acroplanc will be allowed to overhaul
his own machine instead of taking it to an
approved factory and obtaining an official
certificate of airworthiness when the work has
been completed. Tor the types of light acro-
planc at present exempted the cost of main-
tenance is reduced to motor -cycle prices.
Such machines can in future be operated at
an inclusive cost of 8s. Gd. per flying hour, a
figure considerably less than half that of a
similar machine if built and flown under full
official control.

Turther cconomy is cffected by the decrease
in insurance costs which in future will be at
motor-car rates. . . . .

Mr. E. C. Gordon England, interviewed
recently, stated, “The effect of the Air Ministry's
decision is to remove the red flag from before
the acroplane as it was removed from before
the motor car ycars ago. It is the most im-
portant aviation development since the war,
and its {ull significance has yct to be appreciated
cven in aviation circles. Before the war the
industry was developing normally and rapidly
without Government control cither in con-
struction or opcration. Quite rightly, the new
science of aviation was used to its full extent in
the service of the State in the war years, but
in the view of some who, like myself, were
assoctated with the pre-war developments,
the acroplane since the war has been regarded
far too much as a potential instrument of

destruction instead of as a new and valuable
medium of civil transport, with the result that
its true developmient has been atrophied.,

“There is surely not more reason why a
Government department should control a civil
acroplane throughout its construction and
flight than that the Navy should supervise the
building and voyages of a new merchant ship.
Both can be of valuable service in time of
national cmergency, but the efficient civil
acroplanc would not be a better fighting
instrument than a merchantman.

* I should like to make it clear that in stating
the case for the civil acroplanc 1 am not
criticising the Air Ministry. On the contrary;
I should like to pay tribute to the courage
and foresight of the Director-General of Civil
Aviation in taking this important step and
co-operating wholcheartedly in drawing up the
new code on a basis which will ensure reason-
able conditions of safety and the minimum of
maintenance costs for the private owner and
will, at the same time, cnable manufacturers
to reduce prices to levels which will make
flying comparable with motoring.

“1 have no fear that builders of aircraft
will be unmindful of the responsibility which
the Air Ministry has placed upon them. The
new frecedom which has been given them
comes at a moment of unprecedented interest
in light acroplancs and when the present five
hundred private owners may be increased
rapidly to ten times that number. The best
interest of the industry will therefore be served
by the design and production of better and
more cfficient machines worthy of the highest
traditions of British skill and craftsmanship.

“ New responsibility rests, too, upon the
user of an cxempted acroplanc and I would
urge him in the exercise of his new freedom to
have full regard to his social obligations towards
others in the air and on the ground so that a
barc minimum of essential restrictions may
stand in the path of what I am certain will
prove to be an era of unprecedented develop-
ment in British aviation.”

(IWe disagrec violently with the whole fenor of
the above, which has been widely civculaled to the
press. It is dealt with on page 211 —EDITOR.
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