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~thls moment be p. The meti

a guestion whetuer any simple scheme will be Tfouna to zpply
to the whole set of results.
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It is well knowm that, thousgh a cylindrical shell is
Getonuted from one end, both tie nose-spruy wnc the t
spruy are feeble cowmpured with the side-spray; it is in the
radial velocities of frugments frowm the cyiindrical walls
tnat we are interestead.

2. Let C pe the mass of explosive und M the muss of tiie
netal casing conveining it. wnen tresting o Zyl'n“ cicl
projectile we consider muss per unit length). We discuss

a metal cusing witih walls of uniforr Thilcduiess, alG asswae
first the following simple picture of Ifraguentotion:
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Before  the nmetal casing breuxs into Irw
exXpunGs to soae ehtent. Let the radaius ot the zonment oi 1 “
mentation be 4, wnd let the uensity oi the exploolou EisSSs a
i1 casing is everyahcrs qvir-o
ity L) which ut tnis moment baeoies

o

outviard withh radicl velo

the velocity of the metallic Irugaents, (the suae for all).
Nov vy is wlso the raciul velocity of thet part ol the expios
gases wnich are in contuct ”‘bh the metal casing. Ou the i
of the cylinGer the ridial velocity of the Juses 1s zcro.
Blsevhere tihe zases are moving outwurcs Wit velocity intsr-
mecGiate between zero and Vgi Ve shall take the velocity at
any point to be proportional to the distunce froum the ax;
of the cylinder (or from the center of & spherical grenude
that is, .

v=2=5 .
& o

Consider now different types of projectiles, snell, bort
and grenucdes ull containing the same explosive, suy nl,
We try the assumption that the contribution o Line i
enercy made by the detonation of eacn unit zmess of this <xlc
sive is thne same in all tvnes of prolectile. Let this contri
per unit mass of explosive be L. hquutlng the totul Kinetic

a

energy to LC we huve for JlanLT per unit lenbun
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and for a sphericul cusing
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EC = Zpmyv + A 4TT? g, ar (2)

Both these expressions reduce to the simple form

viere R 1s the function:

e T o .
. c - C/x
for a cylinder R = —F5- = G/ (4)
' M += 1+ ="M -
4 -
ng t -C ¢/ i
dnéd for a sphere K = ——— = —= (5)
o S8 2C
: Mo+ 1 + ==
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For srzll values of C/Ml we see thut R is wnproximetely ecucl
to C/i%; hence for smull velues of the charge-weignt ratiow,
the value of v_. vuries as ./C/H. On the other hand, for very

0
large values of C/M, suchi as are found in lurge Dboabs, we see
that R tends asgymtotically'to the velue < for a cylincer, anag
to the value 5/3 for a sphere.

The quantity E nus the dimensions of eunergy per unit
mass; tuerefore ,/E hias the dimensions of a VeLOCltW' in fuct, v,

is egual to ./L when R = 1/2. Ve conclude then, thut for
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to the value 2,./E, or to the value ,/102/3
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*The conventionul churge—uelbnu ratio C/W tukes into acpount
the whole nuss of metul in the projectile, while our C/M taXes
into account only the met.:1 in the walls of the casing. If

p is the ratio of the external to the internal dicmeter, und

Pe and P, are the densities of the explosive undé metul, respec-

tively, we nuve for cylindrical walls . P

~
[
-t

m j“ )




For simplicity v, was assumed to have the same value

for all the fra;ﬁenus. Even for cylinders with wulls of uniforam
thickness there is always some spread in the initial velocities,
at any rate wheun the cylincer is short. We may therefore tuite
Vs to be @ mean of the initial velocities of all the fragments
wiiich contribute to the total kinetic energy; i.e. the snallest
frogments muy be excluded since they moite o negligible contri-
butlon_to the totul kinetic energy.

3. Meusuring the initial velocities of the leuding Iragments
from large pombs, Scawuarzschlld ana Sachs*® found that v,

appeared to increuse very slovly Wlth C/M, and proposed the
relation

v o= oS ()

(o] "
wnich is inconsistent with tihe observed fact thut for smell
projectiles v, veries as rapidly as ;/C/i. - Ve are uble
to remove the discrepancy, since for large vilue of C/i¥ the
velocity given by (3) varies as slowly as thut given by (0).

L. The expression (3) mzy be written in the form

v = v,RY? | (7)

ter v, depends on the particulur explosive
used. It is cdifficult to know to what extent we ouzht to expect
the velocities of fragments in the side-spray of & shell or

bomb to agree with (4). But figs. 1 ané 2 show thiat fog oro-
jectiles contuining THT, using the value vy = 8000 feet/sec,

i x

('[)

e forauls [ibs Lhe

Lie sental data foirly well over tlie
whole range from C/M =

perii i
0.06 to C/11 = 5.62.

H

It seeus then that the basic assumption may be correct

‘that for a series of projectiles contuining different quanti-

ties of the same explosive, the contribution nade to the total
kinetic energy by tne detonution of edch unit mass of explosive
is the same.

The reason why for lurge values of C/i the initial
velocity fuils to increase as rupidly as ,/C/M is clear.
In a shell with a relatively thick and hﬂan casing, neurly
the whole of the kinetic energy is possessed by the metal
cusing, as it breuks up into fragments. But for projectiles
with C/M greater than 2 there is actuully more energy in the

#**BRL Resort No. 347.
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Tfruction of the chenicul energy of explosion is i
“1net1“ energy, other details being iaportunt. Tihs integrul
is to be taken to & ridius aj; enc It was stuted Toul tols
vas thne radius of tine casing at the aouent o rupture, (sugzesting
that tials ”1gnt Gepend on the streagtin of the melil Iording
the casing). Tiis remarx, hovwever, wes latrocuced only Ior Tie
sake of simplicity; the xinctlic energy OL‘L“E Tetal sgoulu wEpEnG
only on its muss. In the fragmeatation of simy ut
b;dbubOL, ‘eseribed belowr, stecl casings ol v
of hardness were tried, runging froa Zrineld
Ho sigriricant efiect of hurdness on tiane inltl
was Tound.
. 5. For euch explosive Lle initiul velocitice will be
deternined by the Churucteristic velue of b. We have seen
thut for THT tne value of the constunt Vl is in tne neignvor-
hood of 8000 feet/sec. We have then
JeE = vy = 8000 feet/sec
o (&)
= 2.44 x 107 cn/sec.
Whence
' - 10
o= 10 ergs per gran
= 715 cal per gran (9)
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to a pressure of -one bur'. For TUT ol density 1.59 the vilus

(=4

given 1is
.. .10
= 5.72 x 1077 ergs per grunm
= 59U cul per gram. (10)

6. The availuble datz for THT-filled projectiles ure as
olliows:

Hy

R n the experiizents by Division 8 o‘ the HL,D.R.C.%*
steel cylinders filled with TuT or other explosive were used.
The cylincers haa an interncl clometer of 2t and o uniiorm
tnicikness of wall. The veclocitiles oI fregnents were measursd
ot a distunce of about nine feet by meuns of tiie velocity
CLEera The values for cifrerent tnl ¥nesses 0i steel cusing
filled with TeiT sre given in Table I, attention beling puic onl/
to the large and medium fragments for which the reterdation in
alr will be negligible. &as the nunber of frugments recorded
was smull, tile provabie error is lurze.
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b. The 4000-1b bomb ali-M50, fillec with TuT. The
diameter of the central cylindrical part of' this bomb was
534.25 inch, with & thickness of steel cusing 0.31 inch.

These values give C/i equal to 5.62. The velocities o1l sone

of the leading frugments only were :seusured; these had ¢ meun
velue 10300 feet/sec. The meun veloc luV of "all the lur ze frag-
ments must be somewnut less than this. We may take 9830 et/sec

(¢4 H)
)] ([)

aS & value more suit;bWe fov coinparison with tne velocitie
obtuined froa othier proj ctiles.

Furtiier cute Tor boabs, inciuding TiT-
]

i
bl
soon pe wvoeliable ot tie Ballistic Reseourcen Labdoratory.




g. For the 105-1mus Howitzcr shell ML wnd for the 75-um
snell i148 the velocities in the side-spruy nuve been estimuted
from the ch mge in angle of projection with change in residucl
velocity of the shell. The churge of TET in these two shell
had the vzlues 4.93 pounds and 1.56 pounds, respectively;
the totul xelgnus oi' the unfuzed shell are 30, bk, pounds and
12.50 nouncg, respectively. The thickness of tne cylindrical
hulio, as in most wmocdern shell, 1s varicble. DBefore we cculd
predict the resultent distribution of fragment velocities,
we should have to answer the guestion, to wnat extent the
wall scts as 4 whole quring rupture. Insteud of u complex
theory, however, wnat i1s needed here is a formula by which
the average fragment velocity can be rapidly estimuted, when
the totul weight of tau uniuzed shell, unc the cherge are given.
If 'the rutio of these two quantities is taken as C/H élnsubgd
of the correct quunultles) and v is culculuted froa 4) and

7 setting v, = 8000, as belor- one obtuins the points

J 1 2 2 r
plotted for the 405-man and 75-mn shell in Fig. 2. It will be
seen that these points lie on the strailght line as well as, or
better than, the newthoornns poi ntb for the N.D.R.C. shell
of constunt wall thiclkness . ’

The rezson for this may be as follows. There is a
tHGOTCblCul objection to drewing the line nrou;n the origin,
i

since this *1pl1ee thut an exceelingly small chorge will be
sufficient to rupture a hequ casing, and give the fragnents
an initial velocity. [n expression of thie form

, o 1/2 ‘
) | v, = vi(R constunt) (11)

is more acceptuble and seems to fit the fucts better. Yor the

- practical purpose of estimating the v_ for shell similar to the

75 -na and 105-mm, it seems, however, 8nnec;sdey to use an

-

expression containing an . additional new constant.

d. A British report® records measurements of fragment
velocities for a 40-mm Bofors shell, which is interesting as
its C/M is exceptionually low. The velocity wus found to
650 motres/sec, or 2130 feet/sec. The charge of TNT was 56.4
grums, and the weight of casing excluding the brass cap and
copper hund was 820 gramsj; the ratio of these qu_ntitics is
only 0.069. Taking this rutio as C/N, as in the case of the
other shell, the point plotted in fig. 2 is obtained.

e. Although the initicl velocities of frugments from
grenades containing H.E. have not been measured, tuere 1s sone
gives & correct

Incirect evidence thut the expression (7)

o 2 . D - s Fal TV .
estimute for grenudes contuinir: 1-1/2 to 2 ounces of TiT;
cilculutions made ont thiis cssumptlon were in good agreenel

with direct panel Tiovs,
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7. A Eno.lecge of the ini
is a first step towarcs tie Q esir
at any oistence s from tie RARe
m this mey 1oy 0y ovteli =g 1

L. .‘,‘ o

’

where.R 1s optuine 4 Qass 1 i oenoess oG in grums, s is
expressec in feel, anc vl is given tihe velue wppropriute to

the explosive used. TFor TET°V1
some otirer explosives recent eperisents give volues up to
20 per cent higher¥; the mecsirem bPuS, nowrever, are not yet
very consistent.

has the velue 8000, while for

For cylindricul THT-filied casings of constunt wall thick-
ness, the expectsd values ol V, ey e reué ifrvowm Tuble II.

In the range of C/M less thun 0.2 the values of Vs nuve been
acjustec to agree with the II,D.R.C., results plotted in Fijg. 2.

8. In conclusicn it wmuy be zmentioned thut the fragmento-
tion of un inrinitely long cylincer, ietoneted from one >
wus Glscussed by G.I. Teylor®#, and wn expression huS obta
for the fradenb ve1001u1v~. It wwes wssunsec tuat th rncl@l
motion of tue explosion guses wus small compursad VWth ti:e longi-
tucinal motion; and tne results were not intended to apily t

a projectile from which the end spruys are feeble compuarea

with the ‘sice spray. '

észxzbJYLJ Wphwsrd ——

. . , Ronalic W. Gmlzileaf

0

N.D.E.C. Interia Report of Dlvlf' n 8, April-June 1943.

e~ ——

Schwerzschild end OWCha, ERL o

* G. I. Teylor R.C. 192.

1
w
!




.
b

Table 2.

Fraogrient Velocities from Cylindricael Walls
of Unifornm Thickness.

Column 1 gives the rautio of the external to the internczl dicme-
ter. In caleuluting C/M the density of metual was tulten to be
4.9 times the density of tihe explosive.

O/di .’_ﬁ\fG7M o Vo
1.02 - 5.05 9560
1.04 2.50 . 8430
1.06 1.65 7610
1.1 0.97 6460
1.2 L6 4910
1.3 .296 4000
1.4 213 5400
1.5 163 2900
1.6 131 2580
1.7 .108 EYAY,
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