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PHOTOGRAPHIC OBSERVATION OF COLLAPSING CYLIMDERS
PROGRESS REPORT OF FEBRUARY 7, 1944

Photographic data on a series of collapsed cylinders have boen ob-
tained and analyzed, and the results ere presented below, Photographs of

thirteen collapses were obtained, but not all of these have equol value,

Chgzgeé

All of the charges of this series were identical. Their construce~
tion is showm in Fig. 1, The type of end plug shown is used because,it ree
sults in & pinching~off of the end of the éylinder 80 thet that part of the
cylinder covered by the plug is tapered from its original éiameter down to
complete élosurg, thus helping to block out of the photograph the effect of
any luminous material which mey later move in near the axis of the charge.,

The pertinent date on the vonstruction of the charges is:

Mase Ratio (Explosive to cylinder) 0.87
Thicknesa~density Ratio 0.51
Dansity of Pentolite 1.6
— " Inner Dlametor of Gylinder 2 inches
— Ouiéf Dianeter of Cylinder 3 incheé
- Outer Diametor of Charge 5% inches

Cylinder: Scamless tubing, 1020 carbon steel, annealed.

Experimental ﬁet-Ug and Procedure
The experiments were performed in the pit and bomb-proof on the

South Mesa. Fig. 2 is & photograph of a typical set-up. The Jine=-up is
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made by rotating the mirfot;'doout thelr supports and aligning the oharge
by means of the leveling screws;the line-up is verified by means of the
imaze on the ground glass of the cemsra. .

The light source is an He-argon lamp of the type developed at the
Bruceton Latoratory. Itg diameber is greater than the inside diameter of
the steel cylinder, so the lamp forms a complete backgrouﬁd for the ingide
of the cylinder.

The smoke-shutter is simply a length of primacord whose smoke sereen,
moving acrose a slit at the front of the camera, serves es a high speed'
shutter and helps to prevent ﬁhe exposure of the phobographic plate to the
luminous material présent dufing the later part of the collapse. The smoke=
shutter is timed to close about 3 microseconds after the fleshing of the
lamp.

The relative timing of the initiation of the explosion of the charge,
of the flashing of the lamp, and of the elosing of the smoke~shutter are ad-
Justed by using eppropriate lengths of primecord in the ecorresponding fuse
lines. .

The camera is armored; its focal length 1s 34 cm, the photographs are
taken with en aperture F24, on commercial film. The timing of the camera
shutter is 0.02 sec. |

To diminish the effect of a luminous shock wave inside the steel oy- °
linder, the ends of the cylinder are closed off with cellophane and the in-
terior filled with butane gas at 1 atm. pressure.

The firing statlon is in a shelter abcut 500 feet from the pit. From
here the camera is operated electricelly. A4e the camera shutter opens, its

. mechanism eloses a micrcgwitch which completes a second circuit, firing the
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Prior to the explosion a set-up photograph is made with the same camera.

The results of the test are determined by a comparison of the two photographs.

Megsurement of Photographs. Analysig of Data

Figs. 3 and 4 are reproductions of two representative pairs of photo-
gréphs.

Measurements of the films are made using a low power microscope w;th
a micrometer eyepiece. On the photograph of the explosion, the exposed area
in the center is assumed to represent the cross section of the interior of
the cylinder at approximately the center plane of the cylinder at the time of
flashing of the lamp. On the set~up photograph the inner diemeter of the
cylinder is measured at the top of the cylinéer° To permit a comparison of
the two cross sections, a correction must be applied to account for the dif-
ferent lengths of the optical paths.

Table 1 gives the results of the measurements. Data on the collapse
ratio are also given graphically in Fig. 5. Here the measured data are
plotted as points. The scattering of the points is too great to justify any
attempt to determine a position-time curve in any detail. As an approximate
representation of the mobion, the parabola was drawn which offered the best
fit to the points, attention being paid to the value of the points as indi-
cated in Teble 1. |

If we assume that the motion of the cylindér is radiel, symmetric,
noﬂwviscous, and without compression, the pressure on the outer surface at

any instant is

\
P [(xx +32) log, (x/y} + 3x3(1 - x?./yz-i] \‘\\X\
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where x and y are the instantaneous inner and outer radii, respectively.
This formule becomes indeterminate as- x =»0, and, because of the assumed
incompressibility, becomes invalid as the cylinder approaches the collapsed
configuration. However, the formula has en approidmate validity for the initial
part of the motion. 1If we apply the equation to the initial instant, for

which

X3 x

o> 05

it becomes

Po = %X, logg (xo/ Vo)

If, in agreement with the curve of Fig. 5, we assume the relation betwreen x

and t is
X%y 2 1 - (t/8)2

where to is the intercept of this parabola with the t-axis, then the initial

pressure is given by

*

= 2P(x,/t,)> logg (yo/x,)

The density of steel is p =7.85 gr/om; X, 2 1,00 in, = 2,54 om; yofkb = 3/2;
and, from Fig. 5, t, = 29 x 1076 sec. Substitution of these values in the

previous equetion gives for the initial pressure
pé' = 4.88 x 1010 dynes/bm2 = £4.83 x 10% atm.

This is perhaps 50 per cent lower than the expected value. To avoid the dis-

erepancy one would have to draw the curve in Fig, 5 in such a way as to obtain

RN MASSIHED

APPRG\/El? F@R PuBLl c “RELEASE




APPROVED FOR PUBLI C RELEASE
etV e 33 TSMSQIFIER

a smaller value of t,, but this is not compatible with the propriety of

fitting the curve to the solid points having high collapse ratios. The dis~
crepancy may be related to the fact that the entire explosive is not detonated
simulteneously, but this detonation requires a time of the order of 5 x 10%6gec.

to become complete.

Table I

Data on Collapsing Cylinders

ig;g: Eigsénzigi Eg;izng Remarks
K 9,10 19.5 1.01 £ 0,02 Measurements uncertain.
' Butans not used,

KC 13,1 19,1 0.75 £ 0,01

KC 19,20 25.4 0.1z $o0.01

KC 21,22 31.7 0.00 X 0.00 | Complete closure.

KC 23,2 6.2 1.02 ¥o0.01 Measurements uncertain,
KC 25,26 22,2 0.55 * 0.09

XC 27,28 12.7 0.75 % 0.07

KC 29,30 15.9 0.66 ¥ 0,02 Meagurements uncertain,
KC 31,32 , 22,2 1.00 t 0.00 ' " .

KC 35,36 22.2 0.64 % 0.00 i t

KC 37,38 15.9 0.74 +0.01

KC 39,40 6.2 1.05 t 0,01

KC 41,42 12.7 0.67 +0.01 Measurements uncertain.
KC 43,44 3.5 0.75 +0.01 LI "

KC 47,48 22.2 0,24 % 0.01

APPRO\/EL? FOR ‘E’UBLI c REL ééSSlF [ED —
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The first colunn gives the identification of the photographs. The
seeond column gives the time delay of the flashing of the lamp with respeet
o the initiation of the detonation of the main chargs. The third column
gives the collapse ratio, that is, the ratio of the instantaneous lnner dia-
meter to the initiasl inner dismeter; these values were‘obtained,from the mean
of four measurements of the inner diamoter made in directions differing success-
jvely by 45°. The uncertainties tabulated in the third cclumn are .obtained
from the mean directions from the mean of these four measurements; they give
some indicetion of the symmetry of the inner surface. A part of this uncer-
tainty results from experimental difficulties, as is indicated by the fact
that similar measurements on the ihitial inner diameters made on the set-up

photographs had on the average an uncertainty of 1 0.01.
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Fig, 2 The Experimentsl Set-Up

The charge is suspended near the center of the pit by means of the
wooden stand; the charge rests on a flat board which is carried by three
leveling screws. The He-argon lamp serving as the light source is carried
on the base of the stand. To the right of the pit ig located the bombproof,
which houses the camera. Light from the lamp passes through the eylindrical
cherge, is reflected by the mirror at the top of the stand, and agasin by the
mirror over the bombproof, passes downward through the bullet-proof glass
window on the top of the bombproof and enters the cameras, whose axis is ver-
tical. The primacord fuse leads in a branching circuit from the cap to the
charge and to the lamp, and has & branch which enters the bombproof through
a two-inch pipe and serves as the smoke shutter for the camera.
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Fig. 3 A Pair of Experimentsl Photographs (Photographs Nos. 13 and 14)

The set~up photograph appears at the top, the explosion photograph at
the bofnt;onz[.l The time delay was 19,1 sec. The collapse ratio measured was
0.75 £ O/L.

The bright apot in the center of the explosion vhotograph is probably
due to the intensely luminous jet where light apparently penetrates the smoke~
screen shutter. The four particularly bright regions on the outside of the
charge in the explosion photograph occur midway between the detonation points;
they result from the meeting of the detonation waves. The appearance of these
bright regions provides a basis for judging the symmetry of the detonationg
the indications of the above are very satisfactory.
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Fig, . A Pair of Experimentsl Photographs (Photographs Nos. 19 and 20)

The set-up photograph appears at the top, the explosion photograph at
The collapse ratio measured was

i
- * Asne——

the bottom. The time deldy was 25.4 sec.

0.13 + odn.
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