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& 0.115 0340 327 0.875 0.0375
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31 0.147 1.060 624 0.854 0.0750
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43 0.142 0.560 B4 0797 0.0750
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2t =af 108.5 30.2
23 » o5.4 205



WHAREE | EXOTHMNIZ OV T 219

29 T 112.0 50.4
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34 » 114.9 42.6
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On Ballistics of Fireworks Shells
by Takeo Shimizu

We have made an experiment on shoot-
ing fireworks shells to establish a theory
of ballistics for our practical use, under
various condition of shell weight, charge
weight, mortar length, chamber volume
and clearance between shell and mortar.
The shape of each shell is spherical and
by affixing a flare to it a brilliant traje-
ctory is drawn in night sky. Photo-
graphing this trajectory and other three
electric lamps which give the scale, we
can know the maximum height of a shell
in the sky. At the same time we can
measure the travelling time from the
muzzle of mortar to the maximum
height, and then back to the ground, by
using stop watches.

Assuming that the force of air resistance
is proportional to the sgare of shell

velocity, we can have the following
formulae :
2
H=2.303 -;g— log (1+2%) (1)

26

St ;: log (1—s%) (2)
£
T:|,=- ;——-' arctans (3 ]
a 1—2
T.=—2.303 2 103( lh;:) sl
z=V/a, 2=V'[a (59
e (6)

{ AS

where H is the maximum height of a
trajectory, T, and T, are time of travel-
ing of shells from the muzzle to the
maximum height and that from the
maximum height to the ground respec-
tively, g is gravity acceleration, V" and V*
are initial and final velocities, p is a shell
weight, § is the maximum section area
of a shell and K is a constant which
should be decided by experiments describ-
ed above. The MLK.S. unit should be
used. Table 1 shows the values of K.

Table 1 Constants of air resistance

Size of Shell in Diameter K K,
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3 inches and

3.6 inches 0.0561 0.0517
4.8 inches 0.0349 0.0295
6 inches and 0059 o

7 inches
K, and K, mean the average constants
calculated by data of ascending and of
descending trajectories respectively, It
is found that these agree fairly well with
ones obtaind by experiments of wind
tunnels, We have calculated 1~ from the
formulae (1)~(6), using the observed
values of I, T, and T, and the value of
K in Table 1.
Thus from the velocity equation of in-
terior ballistics:

o4
V=t G L
which was described in my previous
paper {J. of the Ind, Exp, Society, Jaﬁan
15, 269, (1953)} we obtain interior bal:
listic constants of the propellant (black
powder) as

Ar=17200, 4G=0.256.

Now we can caluculate the pressure in
a mortar, by using these constants. The
calculated values of pressure of 4. 3 inch
mortar are rather higher than those
observed by lead plate gage.

(Hosoya Fireworks Co., Ltd.)
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