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Boab Flight | Time of | Maximum biaxi p051
c Vo load path flight flight [itive normal
in my/sec in tons length in height [cceleration
in Kx seconds in Kz [n xn/sec.
1000 500 303 490 40 38,5
< 2000 318 1528 1300 46 21,7
L 200 3639 2180 45 174
S| 4000 115 6692 2620 47 105
™1 5000 48 | 12171 | 4330 76 34,9
6000 03 | 20371 5800 143 465
1000 587 295 530 34 28,7
2000 433 1367 1160 37 152
§ [ o0 305 3477 2100 49 26,0
S| 4000 200 6959 3040 80 356
S| so00 133 12592 4400 104 453
6000 80 21139 5820 160 488
7000 38 | 39363 8840 283 503
8000 10 | 91870 | 16015 1296 507
1000 650 291 455 30 220
2000 517 1254 1120 31 192
3000 375 3847 2225 68 373
E 4000 281 7454 3200 87 370
§ 5000 201 12180 4290 102 46,5
R [ 000 150 | 27531 5990 77 359
7000 105 | 42091 9120 128 363
8000 65 293720 | 41600 778 25

Numerical characteristics of 22 various descent paths of the Rocket Bomber,
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This provedure is repeated at sach jump which the rocker pembe. ..axes Loward its target, while
the extreme values gradually die down and the flight becomés more and more smooth in the neigh-
borhicod of the stationary altitude. The total length of the projection of the glide path on the
earth’s surface is 20371 km, the duration of the flight is 5830 sec. In this manner various
orbits were calculated; Table II gives the most important data - length of the orbit, glide.
number, maximum altitude attained, and maximum positive nmoxmal acceleration.

All these orbit investigations were carried out neglecting the earth's rotation. For
this reason Fige. 75 and 76 show the relative and absolu*=z orbits for supersonic flight of the
rocket bomber for € = 3000 m/sec and with the velocity at the end of the climb path Vo = 6000
n/sec, if the aircraft tdkes off in an exact easterly or westerly direction from a point on the
squator. In the case of an eastward takeoff, the velocity of rotation of the takeoff point
relative to the earth's center adds to the velocity of the aircraft relative to the takeoff
peint, so the centrifugal force increases. Becduse of t;his_ influence of the earth’'s rotation,
the range 5 = 20370 km. in Fig. 72 is increased te 5 = 23470 km, nore than 13%. This supersonic
path relative to tie earth's surface is shown in Fig. 75. The most interesting features are the
much greater heights of the orbit peaks and the longer distance between peaks, compared to Fig.
72. The absolute path of the aircraft, as seen by an observer out in space, is shown dotred in
Fig. 75; naturally the absolute path length is much greater (S = 26410 km.). In the case of
takeoff to westward, the rotational velocity of the takeoff point is subtracted from the velocity
of flight, the centrifugal force decreases and the range drops from 20370 km to 18200 %km, i.e.,
more than 10%. At the same time the heights of, and intervals betwsen, the first waves of the
orbit decreass These results are shown in Fig. 76; thé absolute orbit is shown dotted for
comparison. 'the effect. of the earth's rotation on the range and height of the supersonic orbit
becomes even greater if the maximum velocity of flight approaches the velocity due to the ecarth’'s
rotation; on the other hand it decreases rapidly if the start is made 'from the equator in an
intermediate, rather than in an easterly or westerly direction, or if the takeoff point moves
from the equator toward the poles. For example, the ranges for €=4000 m/sec and V_= 7000
m/sec are 32430 km. for westward takeoff from the equator, 50440 km for eastward takeoff from
the equator, and 39363 km for takeoff from the pole; the corresponding ranges for ¢ = 5000
m/ aec, Vo = 7000 m/sec are 32660 km, 58880 km and 42091 km,

%hen the bomb load is dropped during the supersonic gliding flight, che weighv suddenly
decreases by 10 vons from the value G, and thie stationary ‘altitude increaseés b,
ai = 6x4r- b ?g This decrease and the diminished ballistic loading of the aircraft produce an
effect on the oscillaving erbit, as shown in Fig. 77 for a definite case. It was assumed that,
along the orbit for € = 4000 m/sec, V, = 7000 m/sec, a 3.8 ton bomb was released horizontally at
40 km altitude and 6060 m/sec velocity, so that it struck the point on the earth opposite to the
takeoff point, For a bomb throw of 850 km, the release must occur after 19150 km. At this
point the plot of the orbit splits into three curves; the path of the falling bomb, che dotted
path which the bomber would have foliowed if no bombs were released, and the solid line showing
the orbit after the bomb release. In thé last case the waves in the orbit are higher and broader,
so that after several oscillations a definite phase shift is chservable, the stationary part of
the path lies 1670 m. higher, and the final velocity of 300 m/sec 15 reached a few dozen kilo-
meters sooner. The difference in range is so slight that one need not make a special investi-
gation of the orbit after the bonb release, but can use the approximate orbit calculated for fuls
bemb load. Fig. 78 shows the elements of this orbit; it is interesting to note that at the point
of release the normal. acceleration jumps discontinuously from + 7 m/sec? to +19.5 m/sec?, because
the aircraft was in a trough and before the bomb release {(when it weighed 13.8 tons) it was in
iynamical eguilibrium with the buoyant forces of the air.

The range of the rocket bomber is largely determined by the length of the supersonic
glide path. This important quantity can be estimsted to a first approximatien, without doir;g
the exact orbit calculation, by setting the inertial ferce equal to the air resistance, G- ?‘fyﬂ
— fi hich - :

GE Tom :fh;cg gt o .5':(;42—- V?‘é’é’y
_ This simple calculation is satisfactory uwp to V. = 2000 mw/sec. Above this, the centri-
fugal force due to the curvature of the bomber Eé;orbit ‘arpund the earzth' can no longer B? )
neglected. Tn second approximation we may set /‘_’ym’g‘/,g = — /G- 6,54 /5 from which (18) :
Revbs _eé'ftf—_?/P -0 S %/

V= /Ry e =% N
g # ¥ 2t y _
222 r e . . %
Ry =¥ S= thy +Eb £y 2 1) (Ve =)

ezat R_'L("/;f;-f %%ﬂrf,_;":‘)

2 %k

Z = £ '
G 7R 72
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These equations give good results for the stationary flight paths unti} we approach the velogity
of points on the earth's surface. With the aid of these equations we can also include the effect
of the earth’s rotation, and obtain values of V , t, and 5, for the absolute orbit, if in place
of the relative velocity Vo we use the absolute velocity V o of the takeoff point, which is
calenlated from %Es velocity V. and the compass angle § of the initial velocity ¥V by the
equation Vg = ¥ NI S £ The effect of the earth’s rotition on the path length is
greater than 1% in the most unfavorable case for V = 2500 m/sec, but decreases considerably when
we change from absolnte to relative path length, e path lengths calculated in this way can be
compared to the ranges of fire for the same muzzle velocity V ; up to V, = 6000 m/sec and for the
glide number 7€ = 6.4 used here, they are better by a facter g.k, and as we approach the velocity
of points on the earth’s surface the factor increases rapidly; i.e., for the same initial veloeity
one can fly much farther than one can shoot,

Fig. 79 shows a comparison of the results of this second approximation with the stepwise
calculation of the oscillating dynamical path. The reason why the dynamical paths are consider-
sbly longer than the stationaryqlor the same initial speed is mainly that whereas in the station-
ary gliding flight the energy consumption is distributed uniformly over the whole peth, it is
concentrated -in the troughs of the dynamiecal path; the first (and also the longest) jump, which
constitutes 15-30% of the total range, has a trough only at its end, and erly-loses there half
of the energy which would be lost at the stationary altitude {this energy represents 15-30% of
the total energy store). Other reasons for the greaker range of the dynamical paths are that the
regions of greatest energy consumption occur at low altitudés where favorable gas-dynamic glide-
nurbers at high Reyrolds numbers exist, while the higher parts of the path, in which unfavorable
gas-kinetic giide-numbers and low Beynolds numbers exist, occur in regions of rarefied air or
pructicilly empty space; finally, the process of turning out of the climb path, in the case of the
stationary orbit, has to occur under unfavorable angles of attack, resulting in increased energy
consumption for the same length of path. Even more clear is thie plotting of the supersenic range
of flight against bomb load g¢r weight ratio, as in Fig. B0. The last two figures do not include
the effect of the earth’'s rotation.

Also important for the use of the rocket bomver is the sitvation where, after release of
bombs, the aircraft starts toward its home base. If the antipodes of the home base or other parts
of the opposite hemisphere are being attacked, the bomber will return simply by continuing aleng
its glide path after the bomb release and flying all around the earth. For nearer targets, there
is the possibility of return by shifting course after the bomb release, Three possibilities are
considered, First, instead of having the path be a great circle, after the initial prepulsion,
let it be a circle, lying on the earth’s surfice, with diameter £+ equal to the distance
between takeoff point and target, For flight along this circular cap, the air resistance for a

given veloeity increases in the ratio %”%/Iﬁ/f”‘?y%yf*y fo?%as//ﬁk/f-—/f@/
because of the oblique centrifugal forces, while the circular cap is shorter than the great
circle only in the ratio %% Flight along the circular cap will be more favorable than flight
along the great circle only for velocities below 5600 m/sec, so this method of turning seems suit-
able for shorter distances of attack. However, in this range there is in most cases another
favorable turnimg procedare - to reach the target aleng a great circle, to turn the aircraft at
the target as sharply as possible, and return home along another great circle. 1f the bomber
turns through & small angle o8, then the ratio of the work done, on the element of turn path of
length 7~##to the kinetic energy of_the bomber at the beginning of this element is RETE (/-7
which can drop to 4= ¥24 because of large centrifugal acceleration which can approach
the permigsible limit. The turning path then becomes a spiral along which the tangential and
radial accelerstions are comstant. It is not integrable and must be computed step by step. From
the equation, the relative loss of weight during the turn 3s independent of the velocity at the
atart of the turn, 8¢ it can be computed once and for all for-al% the spirals. It is shown in
Fig. Bl for turn-spirals with tengential deceleration [.75 m/sec and centripetal acceleration
50 m/sec?, After a 90° turn only 60% of the initial energy is left, after a 180° turn only 37%

iz left; i.e., the sharp turn still costs a great deal of energy. There are intermediate pre-

cedures for turning, which are a combination of narrow turn with non-great cireles. these are
characterized by less energy consumption then the last limiting case which only permits the use
of oscillating flight paths.

A third turning method consists in the aircraft using only enough energy in the climb, to
enable it to reach the target; there it turns at its small residual speed, and with the aid of a
fuel store on board, gets another push to give it the energy for the return home. This method of
using two driving periods has the feature that the aircraft travels slowly over the target at low
sltitude. So on the one hand the bomb= can be dropped with great accuracy on the other hand,
the fire power is: less than for long range attack, and finally the bomber gets into the enemy

zone of defense at the target. Fig. 82 shows the runges of the rocket bomber whem it is turned
by the last two methods.

122
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Fig. 83: Statlonary flight altitudes of the Rocket Bomber during the

supersonic glide with various bomb loads.
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The same considerations apply to the altitudes of supersemic gliding flight as to the
climb, especially as regards * stationary ” and * dynamic " altitudes. The stationary altitude.,
determined by the equilibrium between the constant flight-weight and the propuisive plus centrif-
ugal forces (just as they were vsed for Lhe second approximation to the length of the supersomic
path), are shown in Fig. 83, where the curves are drawn solid out to the point actually attainable
with the given bomb load and € = 4000 m/sec. The dynamical altitudes of flight, which result
from the varying initial conditions for the dynamical orbit of supersonic glide flight, tend to
approach the stationary altitudes of flight, as shown in Fig. B4 which shows the dynamical and
staticnary paths for € = 4000 n/sec and ¥, = 7000 n/sec.

2. Path of Subsonic Gliding Flight and Landing

_ The subsonic gliding flight, by its definition, begins at V =300 m/sec with G = 10 tons.
The lift coefficient for a favorable glide position is then about €, = 0.2 and the corresponding
height is H = 20 km, The supply of potential and kinetic energy is still 24580 kg m/ g1 vith
which a distance of 24580/ = 98200 m. can be travelled for an averape subsonic glic“e-number
& =4 One can follow the descent i‘.“e small velocity-steps V), V5, V3 . . | by using the result
that the decrease in kinetic energy/¥<- &éej,/éj plus that o} the potential energy {H;-H,)
must always gqual the work a_g_a:inst.:aig resistance A8.&€ ; in the stratosphere we get
4s= (]?"3 o)/ PEy » 6T YE Ly " or O = 53&;?; wy,e in the
troposphere / & : 2. #7,

ds< (% ey +(H — 2SR erf1~b )T or anim (- 20259)1~its ) © T
The subsonic glide path obtained from these equations is shown in Fig. 85. MWe see that the sub-
sonic descent lasts 1l minutes, and ends near .he surface of the earth at a velocity of 288 km/hr,
whereupon the landing can occur. The actual variability of the subsonic glide-number can affect

his path of descent.

The landing process begins at V = 288 km/h with €_= (,2. The behaviar of the aerodynamic
forces is given by the upper polar of Fig. 34, se that the velocity of the bomber can be lowered,
by using landing-aids, to 288/2 267¢= 150 ke/hr which is required for military glide-landings.
%ith these polars we can determine the air resistance and the required angle of attack o=¢ for
all velocities between 288 and 130 km/lir, for G = 10 tons, so the landing procedure can be

fo]lowed by using the dynamical equatioms. It is shown in Fig. 86,
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Fig. 85: Subsenic descent path of the empty Rocket Bomber assuming
a constant average L/D of 4
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¥. PROJECTION OF THE BOMBS
1. Types of Projection

The rocket bomber has two different methods of attack: point attack and areal attack.
The two procedures differ mainly in the manner and accuracy of the bomb reiease,

In the procedure of attack on & point, the boob will be aimed precisely toward a “point™-
shaped individual target, and released at moderate altitude and velocity under the same condi-
tions as for ordinary bombers. In practice the same sub-types of bomb release are aveilable to
the rocket bomber as for other bombing aircraft, e g. bomb release during horizontal flight,
dive bomb attack, bomb release during climb, low-altitude bombing, etc. The well-known condi-
tions and difficulties of these types of releese apply practically unaltered to the rocket bom-
ber, especially as regards the accuracy attsinable and the need for sdequate visibility at the
target, so nothing new can be said about these typ.s.

Things are quite different for attack on ar area. Here the bomb is thrown from great
altitudes (50-150 km) and at very high velocities of flight {up to 8000 m/sec), i.e. under com
ditions far beyond those of lomg-range artiliery fire. Since the target, for the distances in-
volved, will not be visible, the release on an area will be aimed indirectly, e.g. by celestial
navigation. Thus it is independent of weather and visibility at the target. Becanse of this,
it does not reach the accuracy of release on & point, and we must expect spreads of several
kilometers. So with areal bombing one cannot hit particular points, but rather a correspondingly
large area, with sufficient probability. To echieve an anticipated effect on this whole sur-
face, a single drop will not suffice, rather we wiil have to project several hombs toward the
same target; these will distribute themselves over the surrounding surfaee according to the laws
of chance. The distribution of hits inside the area will not be uniform; the bombs will strike
more Irequently in the neighborhood of the target than far away; there will also be unavoidable
bomb-hits far outside the area being attacked. However, on the basis of laws of probability, the
bomb distribution can be predicted well enough se that the goal of the attack ¢an be achieved
with the same or even greater accuracy than for point attack.

2. Flight Path of the Bomb

In order to make calculations concerning the bombs thrown from rocket aircraft, we must
make some aspumptions about the external shape of the projectile. Bést suited to the existing
conditions is a bullet-shape, with flat base, with 1 cylindrical tapered portion at the rear,
with largest possible ratio of height h to calibes J. With say-%f: 8 we get, from the well-
known gas-dynamic laws for very high Mach numbers, : resistance coefficient of C, = 0.014+ 1.43
A2/V2; where in the friction ‘centributien er: 0.004 we neglect the stabilizing surfaces, szince
they probably can only manage to set the projectile spinning about its axis in the initial part
of the flight, before their thin walls are destroyed due to the temperatures developed by Fric-
tion.

If one assumes that the explosive constitutes 50% of the bomb’s weight, then bombs weigh-
ing 30 (or 5 or 1) tons have lengths of 11.20 {or 6,16 or 3.60) m., and cross-section loadings
of 19.5 (or 10.7, or 6.2) vons/m“. In a practical situation any bomb lead could be made up out
of these three sizes, The tonsiderable space required for the prejectiles will require an ad-
justment of the bomb-load-and vank-space to the purpose at hand, in the sense that larger fuel
loads will be accompanied by decreased bomb loads and vice versa; i.e., the sircraft described
earlier is best suited to the first case,

In estimaling the path of flight of thé bomb we can proceed in the same way as in deter-
mination of the ascending or descending path of the aircraft itself, The force picture differs
from that for the climbing aircraft, since we have assumed that no serodynamic lift forces act
on the homb and that the bomb can no longer be kept in a definite orbit plane by a pilet, so
that it follows the tendencies to sideways motion due to atmospheric rotation (weather-vane
action) -and earth rotation {(oriolis-force), s»nd describes a twisted orbit in space. As shown
previously, the weather-vane action is caused by the fact that the bomb, as it flies over places
of different latitude, comtinually moves through layers of air of different absolute speed
(depending on latitude), and thus is acted on by a cross-wind, which produces horizontal trans-
verse forces; these do not act at the center of mass of the projectile, but behind it, at least
if the projectile has fins. This force as well as the Coriolis force was assumed, in the case
of the aircraft, to be eliminated by transverse steering which develops forces equal and opposite
to them. In the case of the bomb there are no controls; as a result of the weather-vane action
it will not only drift te the side, but also as a consequence of the resultant torque, it will
start to rvotate about a vertical axis through the center of mass. The flight path of the bomb
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is thus determined by five externa! forces, of which four act at the center of mass ?n& Lhe
fifth acts behind it: weight of the bomb, air resistance, transverse air force, Coriolas force,
and d'Alembertian inertial force.

The. transverse force is perpendicular tg the tangent to the path, peints the way the
transverse wind 1% blowing, is proportional to the sir resistance and the square of the angle
under which the unperturbed air stream meets Lhe Symmetry plane of the aircraft. This angle in
turn is determined by the strength of the cross-wind, i.e. by the course of the bomb and its
velocity relative to the ground, by the magnitude of the moment of the crosswind about Lhe cen-
ter of mass of the bemb, and {inally by the slowness with which the bomb responds to the cross-
wind and its torque, in turning its apex toward the crosswind. This inertia should be as large
as possible, since the tendency to turn always exists except when the bomb is in the plane of a
latitude circle. We can get an ides of the magnitude of this effect by considering the 300 km.
lovig path of fall for a point of release over a pole of the earth. The difference in cross-wind
between the point of release and the point of impact is, in this case, the absolute velocity of
‘rotation 22 m/sec of the point of impact. Thus the angle of the cross-wind blowing against the
projectile is [/2 degree for a mean forward speed of 3060 m/sec. For such angles of incidence,
in the Newtonian velocity region, the transverse force would be equal in magnitude to Lhe resist.
ance of the prejectile; the projectile will thus carry out the defllection rapidly despite its
large moment of inertia, so Lhat the Lransverse farce cannot increase to 'such magnitude.

The remaining forces, the Coriolis forece and the d'Alemhertian inertial force, can be
given from cur previous analysis. In doing this we should note that the system of forces acting

on the bomb 1s generally a spatial system, i.e. it camnot be balanced by a single inertial force,
but rather by a "screw’. )

If finally the bomb starts to rotate about its axis of symmetry, then gyroscopic, Magnus-,
and Poisson- effects start, which affect the course of the bomb.

In order to obtain the path of the bomb, the force components along the principal diree-
tions of the compass and along the vertical must be determined.and the equations of motion for
the three directions in space must be written down. Integration of these would give an exact
description of the twisted path in space. This extensive generalization of the well-known
*Fundamental Problem of Exterior Ballistics’ is not directly solyble,

To get a preliminary picture of the path of projection, the range, final velocity of the
bomb, time of fall, amgle of impact, etc., we can use the well-known simple procedure of Poncelel
and Didian for stepwise graphical construction of the path of fall, This procedure takes ac-
count of the earth curvature, convergence of verticals, and variation of air density and gravity
with altitude, and is therefore the best suited of the usual ballistic procedures for the rocket
bomb. In the actual calcﬂlationlof the bomb path tiy this procedure, it turns out that the effect
of air resistance on the path is extremely small, first because of theé low air density along most
of the path, second because of the small coefficient of air resistance for the slender bullet-
shaped body. The paths can therefore be very accurately described as Kepler ellipses, and then
the range and angle of impact can be determined from these. The actual velocity of impact of the
bombs with the earth will be decreased by a few percent because of the air resistance.

The range of the bomb thrown horizontally and falling zlong a Kepler ellipse is given by
W='?ﬂmcos/ﬁé-ﬁ-ﬂ’h€/{€(?flyw“ff E =/—55ms él’?e is the eccentricity of the ellipse,.
From these equations, the refation between the hei at release H, the velocity at release Voo
and the range W, is plotted in Fig. 87. The duration of fall can be determined by integrating
the path lengths or by a step-by-step calculation of the orbit, and gives values corresponding ®o
those shown in Fig. 88, For large velocities of releasé, Lhe €arth rotation hias a noticeable
effect on the range. Since the release point is outside the earth’'s surface, one can insert for
the velocity of release the absolute velocity of the bomb at the point of release, and then ob-

tain the absolute length of the range from Fig. 88; the relative range on the earth can then be
calculated in the usual manner.

One thing to be checked is how warm the bomb becomes in falling through the lower layers
of air. In the case of the bomber, which has its hwgh speeds in regions of rarefied air, so that
it flies at moderate stagnation pressures, it was azssumed that equilibrium bptygen heat intake
and radiatien can be maintained by having a strongly radiating skin for sufficiently low wall
temperatures, or that critical thermal stresses can be withstood in the troughs of the path by
having a skin with sufficient heat capacity. During the fall of the bomb through more dense lay-
ers of air, the heat transfer per unit area of the bomb surface will increase great!y, but. the
bomb's fall lasts a much shorter time, so that one may compute using the heat capacity of the
shell of the bomb. The stagnation- and also approximately the friction-, temperature can be

1%
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Fig. 89: The third aiming phase of bomb release (see p. 134).
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estimated from the gas-dynamic energy equation to be A7z y2/2600 if one assumes that for high
temperatures of the boundary laver; the vibrational degrees of Ireedom of the air molecules are
completely exeited, but that no dissociatien occurs in the boundary laver. The laws governimg
the transfer of heat from the heated regions of the boundary layer to the rigid wall are unknown,
but one can set up a rough enérgy balance by using the estimated coefficient of laminar friction
of the boundary layer C¢ = 0,0003 to calculate the work of friction per unit surface per sec. as
TV=Crogy= d..‘u‘c,aﬁv‘! for ¥V T 600¢ m/sec at the earth's surface, this gives 5.4 hp/em2. If
one assumes that a third of this heat goes to the wall, then one obtains the conditions of the
Jjet throat of a powder rocket mentioned on page 8; i.e. an iron jacket ouly 2 em. thick would
only begin to melt after 10 sec. as a result of this heating. From mnre recent measurements of
heat transfer at high Mach n‘umbe.rs'é it appears to increase more slowly than the rate of friction-
al work, i.e. it goes like O "5y @5 this indicates that the bomb can go through the critical
lower atmosphere even without the use of strongly radiating refractory prétective layers for the
guter covering.

Finally some general considerations are necessary cencerning the accuracy of hitting for
bopb release from great altitudes at high speed. Tn gunnery one assumes -a diameter of the 50%
circle equal to the range of fire. For the rocket bomber, the range of fire in this sense is
the length of the path of fall of the bomb. For a mean length of say 600 km, the probable
scatter would be 6 km, if one could release from the bomber with the same accuracy as one can
fire from a cannon., The actual error will be the resultant of errors in release, which are
determined by position-, velocity-, and direction- errors at the point of release, and of devia-
tions during the fall, which are caused mainly by fluctuatipns in the density and flow of the
air, The navigation of the rocket bomber to the release point is divided into three aiming
procedures. The first phase consists in having the cataprlt apparatus lie in the direction of
the target, if possible; because of its fixed installation deviations up to 90° may oceur. The
correction of this error occurs in the second phase right after takeoff, during the motorless
flight or right at the start of the propulsion period, when the direction to the target can be
set by means of the compass Lo within a few minutes of arc. During the glide, the aircraft must
be steered very adcurately, since systematic effeets - rotation of the earth and atmosphere, and
accidental influences, such as small asymmetries, errors in steering, fluctuatioms of air densivy,
and movements of the air, continually teml to bring the aircraft sut ef its orbit. During the .
glide above the troposphere, the third phase, on which the accuracy of the bomb hits depends, is
completed. In this one can think of using astronomical methods for pointing; this will be jin-
dependent 6f the influence of the weather or the enemy; in the interference-free stationary glide
path before release, it permits determination of position to an accuracy of a few seconds of arc,
corresponding to position errors of little over 100 m. To determine the apparent horizon under
the excellent visibility conditions available, one can sight on three points of the natural hori-
zon; from the depth of the horizon the altitude can be determined. When the apparent horizon has
been fikxed, the maintenance of the prescribed orbit in space can be assured by choosing omne or
several stars in the plane perpendicular to the horizen through the position of the target, and
following .their apparent motion with 2 theodolite. 1f the guiding star, during the dynamic
flight, stays in the plane of the orbit {i.e. on the vertical cross-hair) the pilet knows that
he is in the prescribed orbit-plane. On the stationary flight path he can determine his absolute
velocity from the apparent motion of the star alopg the vertical cross-hair, and his position and
that of the bomb release from the altitude of the star. Whether the target is visible at the
instant of bomb release is unimportant. The determination of the point of release involves only
the small error in angle measurement, which corresponds to a few hundred meters. Fig. 89 is a
pictorial presentation of the conditions during this third aiming phase. The errors arising
during the fall of the bomb are more signifirant. If amorg the factors affecting tlie spread of
projectiles: differences in propulsive charge, vibrations of the barrel, meteorological fluc-
tuations, differences in the projectiles and errors in direction, only the last two are considered
and each is piven equal weight, then the zpread would be abont 2/5 of 1%, i.e. .6% {??), which
for a ramge of projection of 600 km, pives a diameter of 3.4 km for the 50% circle. To this is
added the error in mavigation of the aircraft itself, se that one obtains for the probable devia-
tion from the target of a single release, W, = 3 km, with which we can make approximate celcula-
tions.

3, Ballistics of Impacts

The process of impact- for point release and area release differ fundamentally in having
very different velocities and angles of impact. The processes in point bombing are similar te
those for ordinary bombing or heavy mortar fire, so that the necessary results can be written
down; e.g. in dive bowb attack by the rocket bomber with 30, 5, er 1 ton bombs, for a final
diving apéed of 500, 300, or 260 m/se¢, the penetrating power of bombs through the earth’s crust
is 100, 30, or 12 m., for reinforced concrete the values are 1(% of the above; the corresponding
penetrations through armor plate are 200 em. (1.43 caliber), 60 cm {0.86 caliber) or 25 cm.
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\9.h5 caliber), in otlier words sveater than the strength of all known ship’s armor.

Eptarely dew conditions oreur for the area bomb, which has u veloecity of fmpact 10 times
as great. The encrgy ol iajmcl is much sreater than the energy content of the explosives in the
bowb. The strensth of the aatecial of the bomb ilself will permit it to penetrate a structure,
or even to go through a city with numerous buildings, because of the small angle of impact; it
will not permit pemétration ints the earth., 7The etfect will thus be similar to that of a mine.
The range of the explosion of a definite .amount G | kg] of explosive can be estimated as P=y%¢
under the assumption that the surface destroyed is proportional to the explosive charge; here r
is the radius of destruction in meters, and k is a constant which gives the degree of destruction;
for usir gressures of about UGy kgﬁmz which produce the worst effecks on buildings and srmash anv
except stecially reinforced ome, k is 3; for pressures of 5000 kg/m2, k is 12, for which value
siight damam: to structures scgurs, walls are overturned, and gables are destroyed; for k = 25
the safc distance of ordinary buildings from explosive storehouses is reached, and k = 200 gives
the circle at which window panes and, partly, window frames are brokeu.

These effects are distributed uniformly in all directions from the point of impact ef a
veTy thin-walled bomb, and the result of impact of the rigid body of the sheck wave moving with
greater than sound velocity through the still air., The development of such shock waves in frumt
of blunt projectiles flying @t supersonic speeds is well known. The phenomenon of an explosion
wave 1s quite similar, except that here the excitation comes only to a small extent from the
bomb fragments thrown out of the bomb cover, anmd mostly from the combustion pases of the explo-
sive, which for adiabatic expansion from the pressure and temperature of the explosion te a
normal pressure reach radial velocities of gh.y = 3400 m/g, . for E = 1400 kcal/p, while indi-
vidual pertion: of the gas can reach even greater velocities at the expense of other portions.

If the explosive vhergy is also shared with the cover of the bomb (representing say 50% the total
mass), then the veiority of the radial explosion wave drops to 2400 m/sec, a figure which checks
well with actually measuced velocities of frapmwents. The exploding material of the bemb collides
with the surrounding still air at this velocity, dpd starts the powerful and far-reaching ex-
plosion wave in it.

From the mechanies of the explosion process we can get a clear picture of the effect of
high impact velocity of an areal bomb on the explosive effect. In the follewing consideratinn
we shall assume an 1mpact veleocity of 8000 m/sec, »hich we woild get if the aireraft descended
Lo the earth's surface at 8000 m'sec and release! the projectile at short range., After detona-
tian of the areal bomh on or aliove the earth’'s surface the mass of the resultant ball of fire has
ket oonlv a tadial veloeity of 240 m'sec, but alse the convected forward speed of 8000 m/sec.
Tee two seliwities superpase as shown in Fig. 90 to produce a velocity relative te the surround-
sur vtalt arr. The front Tace of the expledion sphere collides with the air at a velocity of
2D+ BG00 T TUUG m o see, and excites a shock wave as 1] the explosive had (10400/2400}2 - I8.7
tines as much energy content, The intensity of the explosion wave there is 18 times as great as
for a bomb exploding at rest. The iulensity drops rapidly for the sideward directions, and dis-
appears completely at the rear.

Sinee the grez of destriuction by an explesive charve is properticial to the weight of the
vaplenive, or more precisely Lo Lhe energy avairlable for the explosion wave, the area of destruc-
*ar Gl oan aveal bomb is increased in the ratio of the ﬁum'qf iwpact energy and explosive carrev
Lo the latter alone, t.e. in the ratio (24007 + BUOUY) 2400~ = 12.1. At the same time the ues.
!rowen area Joses 1ts citenlar shape, and becemes a dreop-like ares along the direction of release
whrwe putline can be siculated trom the square ef the resaltant of impact- and explosive shnck-
veloaities. The ratio ot destroved areas for the ssme bomb for print release and area release
in shown 1 Fig, W0 for an impact! veloeity af BulO n/sec. The destructive action of a homb land-
ing after arenl release is much ecreater than that of an equal-sized normally-dropped bomb, is
fan-shaped and points in the direction of release. Thus the effect of the bomb no longer depends
only on the ererev content of the explosive; the kinetic enersy of the homb also prnduées its
full eflect. The effect of the !rapmentalion of the bursting bomb-shell inereases and distributes
itself in the same manner as the i1ntensity of the rxplasien wave. We pet the instructive con-
clusion {or the rocket bomber tlat, becatise of ti. additionsl enerry of impact, the desired
dearee ol destruction of a given surface can be acromplished by area bombing with wuch smaller
bomb leeds than for peint boul (mez.
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VI. Types of Attack
1. Basic Types of Attack

The type of attack procedure to be used by the rocket bomber in any specific cage is
determined by the nature of the target and its distance from the home base.

The extraordinary variety of targets is discussed in Section VI-9. There we discuss in
greater actail the basic difference between point and area targets, according to which the types
of atts.. -an be subdivideéd inlo point-attack and area-attack procedures.

The ind1.iual types of point attack follow from the réguirement that the bomber fly as
siowly as possible over the target, so tlhat it may have rather small residual energy there, If
in spite of this, the bember is to return to its takeoff field without a stop-over, ?heg after
dropping its bombs, aver the target it mest be propelled by its own rocket mgtor until it has
acquired a sufficient speed to get lore on the corresponding energy. Thus we arrive at a pro-
cedere for point attack invelving two propulsions and return home, which consists gssent1ally in
having the bomber, after Leing catapwited at the home base, accelerated only till it acquirces
enough emergy to bring it over the target, There it releases and turns at the lowest possible
speed, then starts its motor with the residual store of fuel, to get up enough energy-fur'the
home trip, and lards back st its home base. Very large quantities of fuel are required for this
double propulsion, so that this procedure can be used only for limited ranges of attack (up to
600t km) and limited bomb losds. Point attacks over greater distances or with larger bomb loads
than in this first procedure sre possible if the bomier can land not too Tar from the target,
and take on new fuel.

For the point-attack procedure with two driving periods, partial turning and auxiliary
peint, the bomber is again accelerated after catapult from the home base, until the acquired
energy carries it just to the target. Then it releases, turns through the required angle at
least possiblé Flight speed, starts its motor with a small residue of fuel on board, to get the
smal]l amount of energy which carries it to the auxiliary field not far from the target; it lands
there and takes on new fuel. With this, it takes off again in normal fashion and returns to the
home base; it has the possibility of making further bombing attacks on the way home,

1f a point attack is to be carried cut over a larger distance or with very great bomb
lozd and there is no possible auxiliary landing place fairly near the target, then rocket-
technique, as seen at the present time, gives no possibility ef retrieving the bomber and bring-
ing it back to its home field, If attack on Lhe target seems more important than the bomber
stself {which has only a relatively small material value}, then there is the possibility of
socrificing the bomber alter the attack. Thia procedire of point attack with 2 single propulsien
neriod and saerifiecn of the bomber is, in principle, applicable to all points on the earth’s sur.
{.re. [t is, matorally, to be applied to attacks &nd vargets of very special significance, as
fur exumple the surprise destruction of s government building and the governing growp assembled
there, to the killing of » single, specially important enemy person, to sinking large enmemy
transports or warships, blarking of important avenues of commerce (say canals or straits), and
to similar special cuses; this is less because of the loss of the aircraft than for the more
valuablé pilot.

For procedures of attack on an arvea the need to fly slowly aver the target disappears, so
that one has more freedom in carrying out the procedure. The niost ohvious procedure for area
attuck, with single propulsive period and return home, consists in the bomber being catapuited
Teom its hone buse, and then driven until it gets sufficient energy to get to the vicinity of
the varget, turn and get back home. The turn path uses up very large amounts of energy, so thal
this attack procedsre remains limited to small distunces and bomb lcads.

Area attack over great distances is very much simplified, if an auxiliary Tield exists not
t v far fron the target, so that the boiber can Jane and take on new fuel for the return trip.
i tlis cuse the area attack pgoes as follows: after release the bomber makes a partial turm
theruch an angle less than 180® {(this requires smaller energy consumption than for a complete

tayn) o rhin Ylies to the auxiliary field on its residual energy. This area attack with single
proyvisven, partial turn and anxiliary field 1s opplicable to all distances on the earth; it
uig L=, Lewever, that within af most a few theusand km. from the target there is a suitable

auxitiary Tield, for landing, and which has a tukeoff apparatus. In view of the large number of
fessible targets for ares attack, this requirement can be fulfilled only in exceptional cases.
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The value of the auxiliary point can vary considerably, not only according te its distance
from the target, but also because of the size of the required angle of turn. Since large angles
of turn sre much more harmful than great distances, an obvious idea ix to provide auxiliary
points beyond al]l forseeshle targets; e.g. beyond the two population concentrations outside of
Europe (North America and §. E. Asia), say on the Marianar in the Pacific Ocean or on the
islands of that ocean off the Mexican ceast; gr to secure a single auxiliary point at the anti-
podes of the home base, say in New Zealand or on the islarnds east of it. ‘This auxiliary poist
at the antipodes can always be reached by straight flight without turning, no matter what point
on the sarth is attacked. Its distance from the target can be very large. On this discussion
iz based the method of area attack with single propulsion and auxiliary point at the antipodes.
Such a single auxiliary point also has the advantage that it can easily be fully equipped to
enable aireraft also to make bombing attacks on their journey back tod the home base, dnd that its
island location can be easily protected against enemy attacks; against the most dangerous attacks
by enemy fleet units, this could be done by the rocket bombers.

If such an auxiliary point at the antipodes is not available, ares attacks over large
distances can be carried out by having the bomber, after release, fly a straight course all the
sway around the earth till it reaches the home base. This is the procedure for area attack with
single propulsion and Circumnavigation of the globe.

Summarizing: all possibleé procedures for area attack coincide in what happens up to the
boib release; they differ only in the marner of bringing the bomber home after it releases its
bomb load.

2, Point Attack with Two Propulsion Periods and Reversal of Path

If we denote the weight of the bomber in the separate phases of this attack procedure by
G, for the fully loaded bomber weighing 100 tons, G, after consumption of fuel for the sutward
trip, G, after bemb release, and G; the empty weight of [0 tons after consumption of the fuel for
the homeward flight, then the identical distancés o{ oulward flight and revwrn are determined
by identical ratios Gy/G, and Gy/Gy according to Fip. 80, while the bank load B = G)-Uy, Thus we
obtain for each bomb loa-'G;/‘;’:—“ 53/6 —-fg%ﬂaﬁdf' nd the relation between bonb lead and range
shown in Fig. 82, which also gives th range ol this attack procedure, Figs. 91, 9%, 93 show
these ranges of attack, fer three exhaust speeds C = 3, 4, and 5000 m/sec and with approximate
inclusion of the earth’s rotation, as contpurs of equal permissible bomb load, en s map of the
earth's surface, The pictures show the effectiveness nf the rocket bomber in a very persuasive
fashion. Despite the unfaverable double propulsion the homber, for the intermediste exhaust
speed, is able to carry out point attacks within 4 radius of 2000 km., which includes all the
strong points in burope between Moscow and Madrid, Northern dweden and Tripeli, Jreland and
Ankara; these attacks ecan be carried out with extreme Jaecuracy on any no matier how small object
on land or sea, with a bomb load of 30 tons, whiech bomb lnad «ill steve in all except specially
reinforced structures within 300 m; penetrate earth worts o0 m. thick, and steel armor | meter
thick: and then the bomber can return heme without & stopover! With o smaller homb load the same
bember can carry its attacks to over 8000 km; from Gerrany te Uentra) Africa, Hindestan, Fastern
Siberia, the North polar regions, to the east coast ol North America and nver the whale North
Atlantic,

Far € = 3000 m7<ae, this range shrinks to Burope and the immediately adjacent eepinns; for,
G = 5000 m/sec it expands beyond Lhe henisphere with Furope as center. Tihe proerdure of point
attack with two prapulsisn reriods thus appears Lo lave rstraomlinary praciice] inportance, and
is applicable to all actions inside hurope or in veighboring regrons.  In ics favar 15 the facy
that, though the bhonber during o point attaek Eomes into the enemy defense zone ut the Lareet at
low velocity ard altitude, the attaek will generally be speh o surprise that even a warship
on the alert will scarcely lave sufficient Lime to bolher the bawber, much less to ward of [ the
attack.

3. Point Attack with Two Propulsion Pertods, Partial Turn and
Auxiliary Point

This nethod of point attack differs from that of the preceding section only because the
return flight can be shorter than the gutwerd trip from the lvame base Lo the target since the
lapding is to be made at a suitable auxiliary lecdtinn other than the howe base. Hecause of the
small kinetic energy over the target, the angle of turn ix uninportant; the only important
quantity is the distance from the target to the auxiliary point, measured as a fraction k of the
distance a from tekeoff point to target. With the notation of the preceding section, one has
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two characteristic weight-ratios Gl/ o and 10/02 for the outward-bound flight and the flight to
the auxiliary point, respectively. %ﬂus to each distance of attack a and to the corresponding
return distance ka, the required weight-ratios and the possible bomb load B = G;-G, can be gotten
from Fig. 80. For k = o, we get the curves of Fig. 80; for k =1, those of Fig. 8, and for all
other values of k we get intermediate values, which for the case of c= 4000 w/ _ _, are shown in
Fig. 94. Compared to the previous maximum possible range of attack of 5000 km, we now have
unlimited ranges of attack up fo 20000 km. if an suxiliary peint is available sufficiently near
near the target. Fig. 95 shows the contours of constant bomb-load in using an auxiliary point

in the Marianas - i.e. when a landing is made at the auxiliary point after the attack. Since a
point attack with two propulsiens and use of en auxiliary point is sensible only for those parts
of the earth's surface which are nearer to the auxiliary point than to the home base, the largest
circle. whose points are equidistant from home base and auxiliary point has been marked on Fig.
95. The bomb lines are limited to the region of the earth's surface beyond this. The possible
range of attack in this case includes all of East Asia and a large part of the %estern Pacific.
For ¢ = 3000 m/sec, the bomb-load curves shrink to small circles around the auxiliary point; for
¢ = 5000 m/sec,they spread out. over practically the whole hemisphere opposite Europe. When using
an antipodal auxiliary point, a 4 ka = 20000 km, and the possible bomb loads have the values
shown in Fig. 96. 1In this case bomb loads are possible only for quite large ranges of attack -
for ¢ = 4000 m/sec, only beyond 17,800 km, i.e. in a small circle around the antipodal point with
a 2200 km. radius. Whereas an antipodai auxiliary point can be important for area attacks, it is
of value for point attacks only when the point itself is to be protected (say against attacks by
a fleet) by rocket bombers from the home field.

As an example of point attack with two propulsions and auxiliary peint, an attack on the
locks of the Panama Canal and landing at an auxiliary field on the American Whest coast will be
described briefly. For € = 4000 w/sec, the bomb load is 2 tons; the characteristic numbers for
the attacking flight are: Takeoff: time { see, weight 100 tons, velocity Om/sec, altitude  km,
distance travelled O km; Climb from takeoff track to northwest; 11 sec. after takeoff; weight
100 tons, velocity 500 m/sec, altitude 0 km,, distance 3 km. End of the motorless flight: time
36 sec, weight 100 toms, velocity 284 m/sec, altitude 3.7 km, distance travelled 12 km; Eknd of
Clink Period: time 332 sec, weight 26 tons, velocity 4560 m/aec, altitude 60 km, distance travelled
512 km; End of Supersonic descent; 3882 sec., weight 26 tons, velocity 300 m/sec., altitude
14 km., distance 9390 km. End of Subsonic Descent: the subsonic descént ends with the start of
the diving attack; the final altitude is thus determined by the succeding dive. Since for an
attack on the Canal-locks maximum accuracy of hits is more important than high impact velocity,
of the bomb, the end of the subsonic descent is chosen as 2 km. altitude. From this we get the
other humbers: time 4162 sec, weight 26. tons, velocity 142 m/sec, distance travelled 9450 km;
knd of Dive-attack: the dive-attack goes from 2 km. to about 0.5 km. altitude; the final vel-
ocity of the dive is aboat 200 m/sec; then the bombs are released and the aircraft goes off with
small loss in velpcity, approaching to within negligible distances from the earth's surface.
From this we get the values: Time 4172 sec, weight 24 tons, velocity 200 m/sec, altitude 0 km,
distance travelled 9430 km;

End of the Second Climb Period: time 4405 sec, weight 10 tons, velocity 2800 m/sec, altitude 22
km., distance travelled 9710 km;

End of the Second Superscnic Glade-Flight: time 6125 sec, weight 10 tons, velocity 300 w/sec,
altitude 20 km., distance travelled 12550 km;

End of the Second Subsonic Glide-Flight: time 6785 sec, weight 10 tons, velocity B0 m/sec,
altitude 0 km., distance travelled 12648 km; :

Landing: time 6810 sec, weight 10 tons, velovity § m/sec, altitede 0 km., distance travelled
12650 k.

4. Point Attack with Sacrifice of the Bombexr

According to the previous consideratiens the rocket bomber with moderate exhanst speed crn
carry out sttacks against small individual targets up to 6000 km. distance from the nome hase; if
there is an antipodal auxiliary point, the razge extends to 2000 km. from this point: fer
arbitrary auxiliary points distributed over the earth's surface, the range is the same distance
from each of the points. I{ however the point attack is to be directed at a target in whose
vicinity there is no suxiliary peint, there is the pessibility that the bomber proceeds exactly as
deseribed in the previous section, and lands at a corresponding point near the target evea thougn
the technical installations of an auxillary peint dp not exist there. lIn this case it #ill no
longer be able to take oti from this point undeér its own power but will not in general be lost if
the landing does not occur in enemy territory If there is ne other possibility than landing in
enemy territory, then we are left with & last, not Yo be neglected, way out-point attack with
single propulsion and sacrifice of the bomber.
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Since the sircraft gains altitude rapidly after bomb releaae in a point attack, the pilot
can, at the end of this brief climb, parachute from the plane and destroy the empty aircraft to
keep it from getting into the hands of the enemy. He will land a few km. away from the point
of the impact of his bombs, and be captured. From the point of view of performance this pro-
cedure represents the limiting case of the point attack procedure deqcriE:d in the previous
section, for which k =0, i.e. the return flight distance ia zero. Figs. 97 and 98 show the
pessible borb-loads for this mwethod of attack. In ull cases, the attacking range covers the
entire surface of the earth; at c = 3000 w/sec. 0.5 tons of bombs can stil} be carried to points
most distant from the home base; for ¢ = 4000 m/sec. this figure increases to 8 tons, and for
¢ = 5000 m/sec. to 17 tons., This procedure ig matdrally alsc suited to unpiloted use of the
rocket bomber.

5. Area Attick with Full Turn

This first procedure for area attack corresponds to the first peint attack procedure
described, with the difference that the energy supplied at the start of the flight must suffice
for the outward flight and the entire return trip to the home base; thus large kinetic energy is
present over the target, and considerable fractions of this energy are lost in turning, An out-
line of the entire flight path including the path of the bomb is included as a sketch in Fig. 99.
In order to calculate the relation shown between bomb-lpad B end range of attack a, one can
proceed as follows: -from IV 3, Sg, the length of the subsonic glide is known. From Fig. 79,
we get the value of ¥ o for (a - 8 - w); from Fig. 99 we get V_,. Now the length of the climb,
83 5 wust be estimated %y reading oif from Fig. 64 a first valwe of G/Gn_for an assumed V,, and
then getting from this a first estimate of S5. Then (o - 84 - W) is gaven from S5+ (a — 55 - W)
- S,. The anitial velocity V; an the supersonic descending path, in order to have velocity V,,
after a length of glide of f(a - 33 - W), ecan be obtained as described from Fig. 79. This value
is to be compared with the estimated value and improved, if necessary. From Fig. 64 we now get
the desired G and B= G - 10. From Fig. 83, the stationdry altitude Hy for given V., and G, is
known, and finally the range of projection of the bomb, %, corresponding to V_; and B, is read
from Fig. 87, The range of attack, m, is thus a = S; 4 {a - 5. - ¥} + . Thas calculation con-
tains @ few assumptions which should be considered briefly. First, the assumption is made that
relatinns between velocity and distance caleulated for particular flight paths can be eransferred,
unaltered, to similar flight paths. More important is the assumption that the supersonic descend-
ing path, during the flight before bomb release and during the turm, is carried out at the sta-
ticnary altitude, rather than in the stromgly oscillating dynamical flight path. This is necess-
ary tor the decisive third phase of aiming, in order to attain the necessary saiming accuracy for
the bomb release and in order to release the bombs during horizental flight. Stationary altitudes
of flight are also necessary for the period of turn in order to set up the aerodynamic turning-
torces, '

This last circumstance is comnected with the fact that turning is possible only up to
definite velocities of flight below the velocity of points on the earth's surface; for higher
velocities, other methods of attack must be used. For this reeson the procedure of area attack
with single propulsien and full turn is limited to the ranges (up to 12000 km.) marked in Fig. 99.
Inside this space it proves to be extremely effective despite the very cost'y turning process.

Figs. 100 amd 101 show the lines of equal bomb-weight dropped st the target by this area
attack procedure, for €= 3000 and 4000 m/sec. For the former value of exhaust speed, the domain
of attack is bounded by a closed curve which deviates from & circle because of the earth’s rotation,
and whose periphery touches the North Pole, Newfoundiand, Central Africa, -and Central Asia. For
€ = 4000 m/sec, the ring expands so that now only Australia, the South polar regiomns, the South
Patific and the southern tip of South America do not lie withia it. For C= 5000 m/sec. it would
cover the whole surface of the earth,

As an example of area attack with simgle propulsion and full turn, we use the attack on New
York at & range of 6500 km. For € = 4000 w/sec, the bomb load is 6 tons, and the detailed attacl
runs as follows: the motor starts to work 36 Seconds after the vake-off at 12 km. distance from
the take-off point, and consumes the total fuel supply of 84 tons in the next 336 sec. At the end
of the climb process, the aircraft reaches a velocity of 6370 m/ser, an altitude of 9] km, 2
distance of 736 km. from the poynt of take-off, and a weight of 16 tons. Using only its store of
potential and kinetic enmergy, the bomber flies on to thé peoint of bomb release, 5550 km: from the
take-off point, and 950 km. in front of the target. At this point, shich is reached 1150 sec,
after rake-off, the velocity has decreased to 6000 m/sec, sud the stationary altitude to 50 km.
After the bomb release the weight iz 10 tons., Then the aircraft goes into » tirn und in 330'sec,
goes through a turn-spiral 1000 kn. in diameter until it has reached the direction for the return
flight to the home base. buring turning, the altitude is greatly decreased in order to develop
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F L0

the aerodynamic forces necessary for the turn. At the end of the turn path, the velocity is
still 3700 m/sec. and the corresponding stationary altitude is 38 km. The supersonic glide-path

4n the direction of the home base goes over 5450 km. in 2600 sec. and ends 100 km. before the

home base at an altitude of 20 km. and velocity 300 m/sec. Subsonic glide and landing are com-
pleted in customary fashion. The whole flight lasts 4755 sec.

§. Area Attack with Partial Turn and Auxiliary Point

This typé of attack corresponds to the point attack with two propulsion pericds, partial
urn and auxiliary point. Like the latter, the ares attack discussed here represents the most
general case in its class, and includes all other procedures for area attack as special cases.

The course of an area attack with single propulsion, partial turn and auxiliary point
consists essentially of first giving the bomber, during a single propulsion period, all the
power which it requires wntil landing at the prederermined auxiliary point, hiaving the bomber
release its bombs in front of the target, at high altitude @nd flight velacity, as for area
bombing, then carry out a turn at the existing high speed immediately after the bomb release,
which takes it into the direction of the auxiliary point at which a landing is contemplated, and
finally glides with its residual energy to this auxiliary point and lands there.

The first thing to determine is the relation between bomb load B and attack-range a. This
relation is affected by the distance ka hetween target, and auxiliary point, the angle of turn8”
through which the bomber goes after release, and the exhaust speed &, Because of the large num-
ber of independent variables, the relations are many-sided. For example, Fig. 102 shows the
relation between a and B for a large number of distances of return flight, ka, and for a definite
angle of turn, G- = 60°. The procedure of computation which gave these curves was the following:
Assuming a dafinite €, a bomb-load B was chosen. To this there corresponds a mass-ratib /g, =
tio+ B /100, a length S of ¢limb path, and from Fig. 59 a final velocity Vl_ For this maximun
velocity ¥;, one can now choose various ranges of attack a = S, + 8; + W in such a way that before
the bomb release, (i e. at the end of the outward flight over gl + 99 + 5y + 54), a suf ficient
supersonic speed still exists. For this velocity and various turn-angles” O, we can, with the
aid of Fig. 81, calculate the loss of speed and the distance 3 travelled during the turn, and
from the residual velocity finally calculate the " distance of retumn * from release point to
landing-point. By several repetitions of this procedure, and interpolation between the rough 5,
- values found, the ka -curves of Fig. 107 were obtained. .

Fig. 103 again shows the lines of constant bomb load for a rocket bomber using this pro-
cedure of attack, if an auxiligry point on the west coast of America is used, It should be
pointed out that for turn-angle ¢~ = o, there is a definite bomb-load with which the bomber
reaches the auxiliary point and can release its load at any point enroule without altering the
range, provided the release occurs after the motor is turned of f. Thus for @ = o the range of
is anywhere between take-off point and auxilxery point. According ta Fig. 103, this bomb load
is § tons for € = 3000 m/sec. With smaller bomb loads the possible area of atteck stretches
over all of North America and considerable portions of South America and the Pacific Ocean.

7. Area Attack with Antipodal Auxiliary Point

A special case of the area attack described in the previous section occurs if the aux-
jlia¥y point is at the antipodes of the home base, In this case the turn.angle is zero for
all targets, Thus there are no energy losses due Lo turning at speeds above that of sound.
The relation between bomb-load B and attack-range a can be obtained from the ‘equations of the
preceding section for 0* =o and a + ka =kn. For a rectilimear flight with total distance
a (1 4 k) « 20000 km, with the present approximations it does not matter at what place on the
glide-flight the bombs are released. Thus, within the 20000 km. range of flight, the range of
attack is arbitrary and independent of bamb lead. From Fig. 80, the possible bowb load is. 0.7
tons for € = 3000 m/sec, B= 8 tons for € = 4000 m'sec, and B = 17 tons for € = 5000 m/sec, ~

8. Area Attack with Circumnavigation

Another special case of the general method of area attack discussed in Section V1 6 - the
area attack with single propulsion period and circumnavigation - results for 6" =0 and a + ka
= 40000 kn. The relation between bomb-load B and attack-range a can be resd off frem Fig. 80,
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where the rule again holds that the place of bomb release has no effect on the range, so that
the range of attack, a, is completely arbitrary and independent of the bomb load. From this
figure, the largest bomb load with which circumnavigation is still possible is B a 3 tens for
€ = 4000 m/sec, B= 12 tons for ¢ = 5000 m/sec, while for € = 3000 m/sec, circummavigation
cannot be achieved even without a bomb load: This method of attack shows most clearly the
extreme techuical superiority of the rocket bombeér which with a size and empty weight equal
to that of a medium military craft can, at moderate exhaust speeds, reach every point on the
earth's surface with a bomb load of 3 tons, and flies 40000 km. all around riie earth without
an intermediate landing.

As an example of an aree attack with single propulsion period and circumnavigation, we
shall use the attack on the city with a million population most distant from Germany - Sidney
in Australia. In this case the range of attack is 16300 km., the pessible bomb load is 3 tems,
The flight goes as follows: Take-off and motion after take-off do not differ from the same
phases of previous examples. 36 sec. after take-off the motor begins to operate and consumes
the 87 tons of fnel .on board in the next 348 sec. At the end of this climbing process the vel-
ocity is 7200 m/sec., the altitude 101 km., distance from takeoff-point B15 km. and weight 13
tons. This very high initial speed drops to 300 m/sec¢. in the course of the supersonic descent
which iz 39185 km. long. After a 10000 km. journey, the strongly oscillating descent must be
damped sufficiently'so that at the release point, 15400 km. from take-off, it runs smoothly encugh
at the stationary altitude to enable accurate miming for the bomb release. At the release point
the altitude is 49 km., the velocity is 6400 m/sec,, and the range of projection of the bomhs is
1100 km. After release the bomber starts its supersonic glide with only 10 tons weight, during
which the course which was previously in a plane has to be altered slightly in order to lead
back to the home base. There the homber lands 13060 seconds after take-off, having travelied
43,000 km.

9, Evaluation of Procedures for Attack

Procedures of point ettack are directed against individual houses railroad stations and
tracks, tunne] entrances, streets, bridges, dams, single ships, canals, dikes, breakwaters, gas-
water-and oil-tenks, munitions depots, magazines, power stations, transformer stations, air-
dromes, harbors, factories, troop concentrations, etc; they are limited to a radius of several
thousand km. around the home base, except for special cases where the bomber is sacrificed or
flies on to an auxiliary field, when the range of attack can extend over the whole of the earth’s
surface,

Procedures of area attack can be directed against the entire earth’s surface. The prob-
able scatter of bombs over several kilometers limits them to target areas of this magnitude, e.g.
cities with over a millien population, large industries, fleets, ete. If in an area attack, the
total energy Z in keal is released against a single target with a probable scatver W, = 2 Jm.,
then half the hits lie in a circle of 2 km, radius; the average density of hits on this unit
surface is Z = /?uqfﬂ' 2 the actual density follows a Gauss error curve
z,:g;ygfe'a"“”"'" has the value 1.4 % at the center, and is ¥ of this at
the boundary of the area 4 km, in diameter. Fig. 104 shows such = distribution curve of bomb
hits over a map of New York. If larger connected surfaces than the unit surface described are
to be attacked, several points of the target can be aimed at, so that the individual Gauss error
curves partially overlap somewhat like those of Fig. 105, where the distance between aiming-points
was chosen as M4 /27 so that the average density over the whole surface is %, while the
local densities are shown as contour lines.

From the appropriate literature the following relations can be gotten between average
density of destructive emergy I in kcal/) 2 and the resultant destructive effect; T = Tx106 kﬁﬁ}'
puts industrial installations completely out of operation for several days.

(Degree of destruction I)

I = l.4x108 1E§EL destroys cities so that all except specially reinforced buildings collapse,
and only cellars and foundatioms are usable fDegree.ufzdestructian 1%

7 = 1, 4x107 ﬁﬁa} destroys cities so that cellars are also smashed in, all people inside the
area are killed and only foundation walls remain standing (Degree of destruction 11I)

Z = TX10% ﬁ%%} makes cities so flat that their location is no langer discernible against the
background. (Degree of destruction LV).

If the energy content of the bomb at rest is assumed to be Ey= 700 kﬁgl, then with E =
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700 .4+ Avl/2g, the density of bomb hits in tons/( 2, independent of the impact velocity V of the
bomb is obtained frem Fig. lU6.

In order to destroy, te the 2nd degree, the surface of a city having an area equal to
the previous unit surface, one must release against the target Z = 2X12, 56 X 1.48108 = 3-52x109
kcal of destructive energy, corresponding to 3000-420 tons of bembs depending on the velocity of
impact, Then the concentration, as shown in Fig. 104, rises to 1. 96108 kﬁﬁ% near the aiming-
points, is 0.98¢108 kﬁ%} at the edge of the unit circle, and 1,14x10% Hﬁ%} at 4 km, distance
from the piming point.

The number of flights necessary for dropping this amount, Z, of destructive energy on the
unit surface is 84 if the bomb load is 60 tons and the impact velocity is low, or 420 if we
assume the smaliest bomb Ioed - 1 ton -, and an impact velocity of 8000 m/sec. Fig. 107 shows
plot of the number of attacks necessary against the unit surface, for variouns procedures of
attack, against range of attack, for € = 4000 m/sec. If the unit surface is to be attacked with
the minimum number of flights, then the procedure of point attack with double propulsion and
full turn is best. If a single unit surface is to be bombed, this superiority is doubled,
because then all the energy lies inside the unit cirele, and only half as many bombs need to be
drepped. For greater ranges of attack up te 8000 km., the procedure of area attack with single
prapulsion and full turn is far superior to all other procedures, especially since it does not
depend on the use of an auxiliary point. A remarkable thing about the curve for this procedure
is that the required number of flights does not increasé mono: onically with the range of attack,
but rather that the decreasing bomb load is completely compensated by the increasing impact
energy. Corresponding to the full curve, the number of flights actually required when using
area attack with full turn or circumnavigation fluctuvates between 64 at 1000 km. and 32z at
20000 km. range of attack. The evalvation of attack procedures shown in Eig, 107 assumes that
the total consumption of take-off fuel, fuel for the aircraft, and of bembs, which together
represent a constant amount of 133.7 tons per flight, shall be a minimum. Since the bombs are
much more valuable per unit weight than the fuel, one can also set & requirement of mininn
consugr ion of bombs. In Fig. 108 several procedures of attack are plotted from this viewpoint;
we sedpliere the point attack procedures are very inferior whilejgattack procedures, which opcrate
with high impact velocities of the' bombs, are most favorable, especially, area attack with cir-
cumnavigation and - at long ramges-, with full turn, which requires in this region the least
total consumption as well as least consumption of bombs.

Fig. 109 shows an idealized distributienr of hits, according to the laws of probability,
over a city map of Berlin, where it is assumed that 84 bombs of 60 tons weight are drcpped on
the aiming point with low impact veloeity; the half shown lies in the 50% circle; about each
point of impact a eircle of destruction of diameter 618 m restilus in which the energy density
1. ax108 kecal/| 2 required for degree Il exists,

Fig. 110 shows the corresponding distribution of hits for 140 releases with 8000 m/sec.
impact velocity and 3 tons weight per release; again the average energy in the unit circle is
1, 4x108 keal/y 2 but the area of destruction for the same energy per release is now drop-
shaped and includes 180000 m2, as previously derived,
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VI. THE LINE OF DEVELOPMENT OF THE ROCKET BOMBER

The development of the rocket bomber project will follow roughly the sequence of 12 stages
outlined below:

1. Development of the Combustion Chamber and Jet of the Motor

The main problems in this stage concern the introductien of the folid, liquid, er s!ready
veporited fuel and the combustion-meintaining material, into a combustion chiamber througb in-
jection nozzles; then the repid distribution, mixing, heating and ignition of the fuel, its most
complete combustion at more or less constant high pressure to & combustion gas at very high tem-
perature; then the expsnsion of these gsses in a jet to convert them to a beam of gas with as high
streeming velocity and as low temperature ss possible. The very high preasures and temperstures
in the combustion space have the censequence thet not only the tubes for the streaming process in
the motor, but also the construction of all walls in contact with the flame, becomes a very seri-
ous problem, whoae solution as regards ehoice of materials, methods of cocling, and construction-
al arrangement, should be a main point of study, Also important are questions of shape and rel-
ative size of combustion chember and jet, choice of most suivable flame preasures, messurement
of stream temperature and velocity, arrangements for rapid heating and mixing of the fuel, optical
and scoustic phenomena, mixing of the jet with the surrounding air behind the motor, dissociation-
and detonstion-problems, and numberless others.

2. Development of Special Fuels for Rocket Motors

In meny respects qiite different requirements are to be set for rocket motor fuels then
for the fuels of ordinary sircraft motors. In the first place, what counts is the available
energy content per unit mass of the combustion mixture of fuel ond, say, oxygen, and not the
heating value of the fuél alone Thus a combustible materinl which hes a lower heat of combustion
than the ususl hydrocarbons, but ronsumes much less oxygen in burning, ean develop a far superior
heat output of the mixture. In sdditiun to the hest output of the mixture, other combustion
characteristics such as eose of ignition, rate of combustion, tendency to detonsate, degree of
dissociation, state of aggregation of the sembustion preducts, resction temperiatures, ete., are
important. One must also copsider properties not so directly comnected with the combustion, such
ag procurement and cost, ease of storsge in tanks on the sircrsft, density, denger, ease of feed-
ing of the fuel, ete. If one enumerstes the problems of stomic hydrogen end nitrogen, of nuclear
reactions and of takeoff fuels, then one has outlined in broad strokes the scope of fuel research
which should lead to the development of new and more suitsble rocket. fuels.

3. Development of the Auxiliary Engines of the Rocket Bomber

Just as with ordinary eireraft motors, the rocket motor requires for its operation a few
suxiliary engines, ef which the most importent are those for feeding fuel snd coolant and the
associated driving assemblies. These additional iastallstions present scme not-too-simple prob-
lems, since the feeding rates are very high, of order of megnitude 50-100 H.P. per ton of thrust,
and the material to be conveyed can be in eltogether unusual states, sey o liguefied gas, & me-
tallic suspension or even solid or liguid metal - and must be very accurstely proportioned as
well as being fed sgainst very high pressures. A 'complication srises because the feeding installa-
tions must be designed under extreme limitstions on weight of construction. In addition to these
arrangements for feeding of fuel ond coolsnt, ignition systems and in some cases inteke and rég-
ulator systems regquire consideration.

4. Development of Test Model of Complete Rocket Motor

Even if the development of the previocusly enumersted most important perts of the motor had
been achieved taking account of their interactions, putting them together into » ready-to-fly
rocket motor snd examining their interplsy is still & sepsrste snd important step. Oaly now, on
the apperetus ready for flight cen a bench study be made of the mutusl interactions of the com-
bustion chsmber, jet, fuel and auxilisry engines, so thst by suitable sdjustments the best results.
are obtained feor exhaust speed, reliability of performance and construction weight. These bench
tests of the complete rocket metor sre especislly important and thercugh beczuse they reproduce
the conditions during flight very closely; this is in contrast to the erdinary aircrafe motor
where these conditions can be imitated only with difficulty and not even completely by sltitude
tests. This is mainly connected with the fact that the rocket motor accomplishes the jet forma-
tion, combustyon and coeling only with its own fuels, snd without use of the surrounding atmos-
phere, so that the differences uf velocity, temperature snd pressure of surrounding air between
the bench test snd asctudl flight can scarcely alter the conclusiomns. One of the few places where
the rocket motor comes in cemtact with the surrounding sir is the mouth of the jet. There the
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Fig. 109:

Ideal Gaussian hit distribution of 42 hits, each of 60 tons of
bombs, with small striking velocity in the unit circle in case

of surface release against the target, and with area of destruction
for each bomb (for example, bombardment of Berlin).
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éonbustion gas expands to the pressure of the air behind the aireraft; in flight this pressure
is practically zero whereas in the open bench test the jet can expand only to the pressure of
the still air around it. Still the differencesz are not very grest, are largely amensble to cal
culation, snd are morecver such that the bench test considers the more unfavorable case. A re-
action of the slip-stresm and the jet oh the aircraft (in psrticular on the control surfsces)
need not be considered for the rocket bomber, because operaticn of the motor and subsecnic veloc-
ities of flight never occur together. Aside irom the purely developmental and tedt studies on
the model, a whole series of physicel researches on the rocket moror can be carried cut most
sdvantagecusly during this phase of the development: more careful. investigation of atomizing of
the fuel, the ectual behavior of the pressure in the comwhustion chamber, the temperature dis-
tribution in the combustion gas, the actual streaming speeds, the conditions of heat transfer
from the combustion gas to the walls and from them to the coolant, the jet formstion end sound
emission in the furnace-jet, as well as numerous otper questions. Only when in the course of
these studies the motor has proven its compiete relisbility of performance, can ene consider in-
stalling it in an mircraft. The development of this eircraft will have to be done alongside that
of the motor, so that both may be ready for flight at the ssme time.

5. Wind-Tunnel and Tow-Tests on Models of the Air-}rame

The extarnal shape of the rocket bomber is determined by the requirements that existing
sxperience on screw-propelled airtrsft shall be used as much es possible, that the specisl con-
ditions of supersonic flight and rear installstion of the motor must be considered, that the
glide-number of the aircraft shall be as good as possible at very high Mach numbers, where the
acrodynamic forces are proportional to.the aqusre of the velocity and angle of attack. Under
these general requirements models of the rocket bomber can be designed; these csnnot be tested
in the most interesting region of very high Mach nnmbers, in the spper part of which actusls chem-
jcal chenges of the streaming medium ere possible because as yet such artificial air-blasts are
not aveilable; one can perform wind-tunnel tests in the range of Mach numbers from 0.08 to 4,

In the range of velocities below that of sound, which is importamt for the landing process, using
models of reasonoble size cne can earry out measurements on the serodynemic forces, and especially
on the maximum lift of the aircraft, #ad its improvement by the use of aerodynamic aids suited to
the particular profile. In this range tunnel-tests on stebility, vibration conditions and manceu-
vrability of the vehicle are important. In the supersonic domesin, serodynamic forces, distribu-
tion of nir nressure, stability and menceuvrability, vibration conditions, eir temperatures at

the stagnation points, and heat transfer to the asircraft sre of interest. A whole series of these
tests on very emall models can be carried out in e supersonic wind tunnel. '

For tests on lerger models the takeofi track of the rocket bomber is itself a very conven-
ient towing-track; on it even very large models can be towed up to any desired high speed with the
sid of rocket propulsion, and then studied. Such tow tests can be carried out at reasonsble cost
on & 15-30 km. long track, with models secaled 1:10 up to 1:1 at the originsl speeds of BOD up to
5000 km/hr, so that the Mach number is duplicated exactly end the Reynolds number spproximetely,
Such tests would especinlly consider the generel behavier of the aireraft in the neighborhood of
the velocity of aocund, 1.e. between 800 and 1800 km/hr, for various shspes, angles of mttack,
srrangements and tilts of control surfaces, ete.; also the distribution of air pressure and tem-
perature on the surface of the aircraft by means of teps, thermcelements, etc., for all velocities;
measurement of the location and magnitude of the forces actang wn une aircraft, direct tests of
stability by meens of 2 Cardan suspension of the moving model at its center of grevity, studies of
the reaction of the jet on these conditions - especizlly on the aercdynsmic forces snd the stability
investigation of the elestic properties on elastically-similar models; e.g. »s regards vibration
of the wings snd control surfaces, etc.; takeoff end free-flight cheracteristics of self+stable or
remotely controlled models especially during the passege of the velocity from velues below the
sound velocity to values shove, and others. A specisl problem in such tow-tests, aside from the
trock itself, is the relative sliding behavior of lubricated surfaces at sliding speeds up to
5000 km/br. For flight at arbitrary speeds in regions of very rare atmosphere, in which the so-
called gas-kinetic laws are valid, and where neither tow tests or ordinery wind-tunnel tests sre
fersible, an extension of the theory is desirsble, ss well as its experimental justifieation, ssy
by extension of the well-known moleculér-hesm methods to the present problem,

8. Constructional Development of the Vehicle

Once » preliminsry decision as to the whole arrengement and shape of the rocket bomber hss
been mede on the basis of wind-tunmel- snd tow-tests, one csn commence the construction of the
fuselage, wings, control surfeces, and important installstioms such as the pilot's cabin, the
tank installations and suxiliary equipment. In view of the fixed externsl shspe, the decisive
factor for the construction of the fuselage, wings 'md control surfaces is the fact the air pres-
sures which occur are far grester than those on ordinnry'aircﬁaft, The eir pressures on the rock-
et bomber will certsinly be in the neighborhood of 3000 ke/m®, end will therefore leed te types
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of wing construction like those used in buildings or ships. The problem of the pressurized cabin
has already been treated in other connections., The results assembled there cen be made use of.
There are po prototypes on which to base tank instellations for large quentities of fuels like
liquefied gases, metsllic suspensions, etc., snd these must be suited to the specisl conditions.
An especially extensive group of apparatus requiring development is the suxilisry equipment of
the rocket bomber, including velocity-,altitude-, snd acceleration-metérs, instruments for steer-
ing, navigation and eiming of bombs, optical instrumemts snd meny other apparatuses and instruments
connected with the special characteristies of rocket flight, '

7. Bench Tests on Interaction of Motor and Air-Frame

These tests represent the lsst stage before the firat flight tests, and should check the
sstisfactory operstion of the motor (which hes =o far only been bench-tested) under the condi-
tions where 21l the perts have been sssembled into a vehicle. The exset velation between the
driving force and the centers of mess snd air pressure of the aircraft should be checked to
svoid instebilities csused by incerrect placement of the engine; snd finally during these tests
the pilot cen become accustomed to some 6f the peculisrities of the new sircraft.

8. Development and Test of the Taksoff Arrangement

) The;several kilometers long tekeoff path with its arrangement of rails represents @ rel-
atively simple engineering comstruction which presents ne special problems. 'On the other hand,
the takeoff sied. which under a loed of severs! hundred toms must be accelerated in a very short
time to 1 1/2 times the velocity of sound and then slowed down even more rapidly, requires specisl
development. This will be concerned éspecially with the extraordinarily powerful takeoff rocket,
the sliding contacts of the sled and the method of braking. Completely reliable operstion of the
takeoff track will heve to be carefully tested by cetapult trials on dead weights compareble to
the weight of the aircraft,

9, Takeoff and Landing Tests on the Bomber

The takeoff tests begin with small fuel losd on 8 taxi-strip which is es long as passible
the practically empty bomber, afrer very brief oprration of its. own rocket mobtor obteins the velo-
city required to float, after which it rolls on its ewn landing gear. After & short hop it drops
down again and carries out its first landing, which does not differ from the lster landings after
long flights. These takeoff tests should be carried out in such a large space that the landing
esn occur impediately after the tekeoff without turnirg the aircraft, in order not to endanger
the airvcrsft by menoeuvers neasr the ground when its flight charscteristics are still uncertain.
If after many such tests, the takeoff amd landing characteristics are undérstood, then by using
more fuel the mircraft can be brought to somewhat higher altitudes, sey o few hundred meters, snd
then glided back to earth. Thus the essential flight charscteristics at low speed will be de-
termined, the errangement of the control surfsces will be undertsken, the trimming, stebility and
manoeuvrability will be checked, #nd thus the airworthiness of the craft in all flight attitudes
at not too high altitudes will be determined and eventuelly improved. If during these tests the
aireraft ects reliably for the pilot, then the takeoff tests en the tfack can be repeasted, by
placing the empty aircraft on the takeoff sled, catepulting it -and landing it. If these tests are
satisfactory the trials can be extended to higher flight speeds. This phase of the trials will
best begin by tow tests on # very long tow path, so that the aircraft doesn't1%et to fly but is
only pecelersted on the towing path snd then ismediately slowed down sgein. ese tow tests on
the actual aircraft at gliding speeds of 800 to 1800 km/h 2re to be devoted especielly to the
following individusl problems: rechecking snd reéfinement of the results of the tow tests on mod-
els concerning pressures, temperstures, aerodynemic forces, stsbility, vibrations, effeets of the
driving jet, ete.; studies of the behavior of imstruments, spperstus end jet engines under the
influence of high eccelerations end velocities, development of suitable safety devices, e.g. spe-
cial seets, getting the pilot accustomed to the new phenomena of high accelerstions, high veloci-
ties, specis]l engines and new srréengements of the aireraft,

10. Flight Tests of the Bomber

Finally one can go over to flight tests in which one catspults the aircrafy with an initi-
ally small but gradually incressing supply of fuel, and lets the motor operate for longer and
longer periods. Thns longer snd longer climb paths will be traversed; ose will soon surpess the
velocities sttained up tb now by the fastest aircraft, and go up to eltitudes never preaviously
resched. The takeoff speeds also incresse at the seme time. Now begins the most difficult part
of the flight studies, since the flight conditions depart farther and farther from any koown at
present and checked by experience; completely new seronautical territory must be conquered. As
far as cen be visuslized at present, the flight tests will extend to maintenance of requirements
of life in the pilot’s space teking sccount of the high altitudes, accelerations, snd tempers-
tures, the effect of the asercdynamic forces on the wings end controls of the aircraft, testing of
the heating of the walls st many points of the sircreit, mrintenance of stability and menceuvrabil-
ity beyond the velocity of sound, etc. This part of the flight tests will heve to be done very
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circumspectly and with stepwise increase in velocity, since 2t very high altitudes,. low 2ir dens-
ities snd high speeds, any #light accident cen lesd to 2 catastrophe since it is prastically im-
pussible to lesrve the aireraft by parschute. These tests of flight cheracteristics will be con-
tinued up to speeds not yet reached by prejectiles, i.e. about 6 times the velocity of sound.
Finally the sctual trial flights will be completed with performence tests. They will serve first
to determine simple performance data such as tekeoff speeds, takeoff distances, landing distances,
landing speeds, climbing performence, consumption of fuel, etc., and later to determine the maxi-
mum speed, ceiling and range of the rocket bomber. Since these three limiting performance figures
are interdependent, they cen be determined during the same flight. As the velocity is increased
from the values attained during the tests of flight characteristics up te the maximum value, the
temperature distribution on all windward surfaces will have to be carefully checked by means of

# remote-reading thermometer system, in order to catch in time any dangercus hesting as 2 result
of air friction snd stegnation. Too grest heating, =specislly of projecting psrts, such as the
sharp end of the fuselsge, the sherp wing edge, ete., is most dangerous becsuse the slightest
melving or otlier deformation of these carefully shsped critical points and their conseguent blunt.
ing leads to instantsneous enormous increase of the stagnstion temperature at those places snd
then in stéadily spreading melven regions, snd would result in immediste burning up of *he whole
sireraft. If the performance flights sre cerried out until these expected limiting values of

7000 m/sec velocity, 150Mltitude and 40000 km. length of fiight are resched, then the flight
studies can be considered completed. '

1l. Navigation Tests on the Rocket Bomber

The next: important tesk of development cencerns srrangements for nevigation, which, after
propulsion has ceazed, give the rocket eraft éxsct knowledge of its path, enable corrections of
its course, snd permit an exact calculation of the moment of bomb relesse. This precision naviga-
tion will have to be checked in a very large number of flight tests, since the success of any
attack depends on its accurate and rapid performance.

12. Bomb Release Trials

These constitute the lest phese of the research rad development work on the rocket bomb r
end should give a precticsl verifiestion of the preliminary theoreticsl work on the processes
orcurring during the fall of the bombs =nd theitr contect with the earth. 350 far as the relastion
between point of impaet and point of relerse from the aircraft for various heights and speeds of
flight is concerned, the oceans of the whole esrcheprovide 2 suitebly large testing sreas. The
study of impact of the bomb. on land will be sowmewhet more troublesome, =ince very large uninhabited
sreas are required. However e few tests in the Arctic regions untrodden deserts or in our own
possessions will suffice for this purpose.
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TABLE OF 10ST I.PORTANT STNBOLS

Qecevrssesssscattacking distance (m, km), sound velocity (m/sec)
Becssenenarsescritical sound veloeity (for example, in nozzle throat)
Ducsoesereesscacceleration (m/sece)

b esessecsssoonomal acceleration (m/sec?)

Dyesesesscssstangential acceleration (m/secz)

Cesseasenssanceffective exhaust velocity (m/sec)

Cpayeesereess maxime: flow velocity of fire gases (m/sec)
Cipesesssesssstheoretical maximum flow velocity of fire gases (m/sec)
Cperenrereeseefire zas(exhaust) velocity at the mouth (of nozzle) (m/sec)

Cffe+ee+esssseenrobable velocity of the air molecules before they strike
a vall (m/sec)

CResssssessssaprobable diffuse rebound velocities of the air nolecules
from a wall (m/sec)

Chesseesannseslift coefficient (Cp)

Capeesssecnseainitial 1ift coefficient (CLO)
Camaxe++seeeeomaxizum 1ift coefficient
CaFesesvreeseslift coefficient of wings
Cyeeessessesssdrag coefficient (Cp)
qwr...........frictional component of GD, drag coeff.
Cpeceessseessasurface drag coefficient
C.eesessvsesseSpecific heat at constant volume (keal/kgP)

v

sesvereSnecific heat at constant wolume, portiecn due to molecular

c
vtrans translation (keal/kg®)

Cypot® " *esreoSpecific hcat at constant volume, portion due to molecular
rotation (kcal/igP)

Coosc®*** -+ -Specific heat at constant volume, portion due to molecular
vibration (keal/ig®)

d_. L I R NN NN .‘zal]- Strength, caliber, dimeter (m)



dm' ssesescasscCliameter of nozzle mouth (m)

Quveecocoesesonozzle throat diameter (m)
fevevacranseescrors=sectional areas (mz)
feveserseensescross-sectional areas of throat of fire nozzle (me)
F eveesecesasaarea of surface bounding mouth of nozzle (m‘q)
feevsensaseassacceleration due to gravity (m/sec?)
Nesesesssnseaslength of projectile (m)

Reeeseeaessaosmallest thickmess of lubricating layer (m)

ipH........-...vertical shock irpulse which in unit time is tranimitted to
surface of plate by impinging air molecules (kg/m“)}

ipR............'v‘ertical rebound impulse vhich in unit time is g:wEn by
3 surface of plate to rebounding air molecules (kg/m*)

jT.'- ssanuses ..i;!!lpulse_ parallel to 'Wa.ll, Qf the air molecules *.'.‘hiCh
im~inze in unit time on a unit area of the wall (kg/m2)

lecesassssesstree path length of molecules (m)
Dessesseasassamass (kgsec?/m)

Pocesessansessdir pressure, gas rressure, pressure (kg/m?)
Dgeeseese-sessexternzl pressure of static air (kg/me)

po..._..........initigl pressure, gas pressure in furnace, stationary gas pressure
g/m

Pyoeeesseaess mouth pressure (kg/m2)

Qersanvsasnnsedynamic pre-sure, heat flow (keal/m2sec)
Teseoeessennsstrajectory radius of horizontal turning curves (m)
Sessvessescassflight distance (m,km} (pathlength)

8] s-seeseaneasStarting distance (m,km)

Spesessseseesoclensth of partial distance after starting (mykm)
Bgeesersecans +dlength of accelerated climb (m,km)
8)seves-eeeesclength of unaccelerated supersenic glide path {my¥m)

35...........-311]3.50!113 g].ide 'pa.th 1ength (I:’l,km)
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Syeessesessesolength of turning distance {m,km}

£avvoveesasscstime (seconds), wing depth, sliding slipper depth (m)
fpeenssocssesschot side temperature of fire wall(°c)
BissevseasasssCOOl side temperature of fire wall (°c)
VeesesaoosesesTlight velocity (m/sec)

H{ eeeseeseensavelocity vector {m/sec)

va........._..absolute velocity (m/sec)

vo.....a.a....initial flight velocity (m/sec)
Ve...‘........velocity of a point on the earth's surface (m/sec)
Vil
Vyoereosssaaasflight velocity at and of turning arc (m/sec)

veessesneseflipht velocity at beginning of turning arc (m/see)

Weureosesnesssbomb range (m,km) (literally "throwng distunce")
wr............probable scattering of bomb trajectories (km)
Zevvseoeesesssaverage density of bomb hits for surface attack (kcal/km?)
Kuvesosnsssasomochanical equivalent of heat (1/427 keal/kg), Yift (kg)
Beverseoessessbomb load (kg)

Coessonsnenssocoriolis force (kg)

Deeocesesssesadissociation energy (kecal/kg)

Buveseevasssssreaction heat of fuels, upper mixture coefficient, total
energy content (keal/kg)

Ev............spacial energy concentration (keal/Liter)

ER............rabound energy Sr air molecules per unit time and unit wall
surface (kcal/m“sec)

EW............energy f air molecules remaining in walls after impact
(kecal/m’ sec)

FE veevvesressc8ergy carried By air molecules per unit time and unit surface
A to wall (keal/n“sec)

Fuveeenesssessaerodynamic supporting surface (m?)
FF............carrying wing surface (m?)

FReserssseeas carrying fuselage surface (m?)
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G...c..l.o..l.ﬂeight (kg)
GO. .-..u.-....initi_&l ‘Giglt (ks)

Gl............weimt of bomber after using up fuel required in approach of
target (kg)

G?............weight of bomber after release of bombas (kg)
G-B............Mpty weight of bomber (kg)
Gﬂ............start.‘ing weight (kg)

G geoeeeseceroinitial starting welght (kg)
Heosoneensesssflight altitude (m,km)
Jeeeseseeesss.heat content (kecal/kg), impulse (kgsec)

J eecercecccesheat content in state of rest, state of furnace, initial state
° (kcal/kg)

Jm,...........mut;h impulse (kgsec)

Keeasossoesrsoevaluation number of rocket fuels
Meoasvnnessssemolecular weight

Pevesssesssesseffactive thrust, load on one of & sliding slipper (kg)
Preersscasssaslrae thrust msasurable by dynazozetsr (kg)
Quecssenssssssquantity of heat (keal/kg)

Rececooosssoerindividual gas constant (m/®), radius of earth (m}

R evececesseseRaynold's number

Rio...........intemal height of evaporation at 0% (kcal/kg)

To.o-o-o.---.-tmram_m (OK.), d'Alembertts inertial force (kg)

T o............i‘.nit.ial temperature, furnace temperature, static temperature (°K)
Tmunu-.u-.mth mpmtum (OK)

TG
TW............temperature of a wall surface struck by air molecules (%)

-i-o.o.--.-cmperatm of air molaecules before impact. with wall (QK)

TR' esssssesssstamperature of air molscules after rebounding from wall (%)
Uesoncssvsees .internal energy (kcal/kg)

Veisnoovnns .:..Bp.eciﬁc £as volume (ma/kg)
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volcoolocoonoofumace Wlum (mB)
WesssvoosssesTesistance (kg)

W eeeernasssserasistance measured in “'1nd tunnel (kg)

3]

esessessasssstotal energy thrown at a target (keal)
%, vesessesesssangle of attack (°), cosfficient of accommodation
HKeesassaeerescangle of attack of leading edge of a curved surface

Y. ueeusneeessoapacitic neight (kg/m)

Y .evvuessvu.spacific gas weight at the critical velocity (kg/m)
x............e(;l;:ecﬁic gas weight at rest::i‘n the neighborhood of Earth's surface

€ reernianns . oglide number, mumerical eccentricity of a Keppler ellipse
€ eresnransensoptical absorption coefficient
f.............cnmpus rose angle (i.e, "heading") {°)
Peeeecersenesoviscosity (kgsec/m?)
&..-..........mimm efficiency, external efficiency
Jovesessesssionozzle afficiency
Dissenroesnssointernal efficiency
?q.............rumaca afficlency
Ztherm®*.+ == +++thermal efficiency
Meeiasnrsoonsadiabatic exponents
?.? essssssesssseverage adiabitic exponents
Aeeeerenseesssthermal conductivity (kcal/mh®)
Joeesassoeasssicoefficient of friction
f-’.............dmsity, radius of path, (kgsec 2/n%) (m)
,'-'

cssensrssees MARS ofm§aa striking unit surface arsa of a plate each second
(kgsec/!

/’,;..............g-_as density at the mouth (kgse'cz/ml’)
Poecsesnessssigas density in furnace, initial state, rest state (kgaacz/m&')
U;counolo-ooonstrength, tuming muﬂ (kymz) (0)
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Tevesasessssestangential stress due to air or gas drag (kg/mz)
?ﬂo..c-oon--o.patlh inclination (O)

"q sessnnnesan :51]?.::.-11 ir VQlOCiby (V’ec)

A.............cha.nge-.in a quantity

€, veeensansss.Characteristic temperature of vibrational excitation of a gas
moleculie (°K
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