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PHONXMUWHIC0E43ERVATION(X’COLLAPSINGCYLINDERS

PR(mESS IWWRT Cl?FEBRUARY7, 1944 \

Photographicdots on a series of collapoedcylindershave been ob-

tainedand analyzed,and the resultsare presentedbelow. Photographsof

Wirteen collapseswere obtained,but not all.of thosehave equalvalue.

All of the ;hargesof this serjeswere identical. Theirconstruc~

tion is fhvm in Fig. 10 The type of end plug shownis used because,itre-

sultsin a pinching-offof the end of the cylinderso thet thatpart of the

cylindercoveredby the plug iq tipercdfrom its originaldiameterdown to

cmpleti closure,thushelpingto blockout of the photographthe effectof

any luminousmaterialwhichmay latermove in near the axis of the charge,

The pertinentdata on the constructionof tho charges is:

Mass Ratio (Explosiveto cylinder) 0.87

T.hickness-t{en8ityRatio 0.51

Wnsity of Pentolite

k

1.6.. -,
B .. . . InnerDiametirof Cylinder=&l . 2 inches

==:~:r___... OuterDian.etirof Cylinder
!?= j inches
i+~<— s
—0 OuterDiameterof Char& ~ inches
j~+ .,

Cylinder:Seamlesstubing,102Ocarbonstee~,annealed.
L?~_r-
‘s5~ .
~m~’””-

- -__t &yerimon*l ~;et-1.lpand Procedure

The experimentswere performedin the pit

SouthMesa: Fig. 2 is a photographof a typical

and bomb-proofon the

set-up, The line-upis
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made by rotatingthe mi.rro~~d%’ theirsupportsand aligningthe oharge

by meansof the levelingscrew;the line-upis verifiedby means of the

imageon the groundglassof %he aamera~ ,

The lightsourceis an He-argonlamp of the typedevelopedat the

BrucetonLal?oratory.Its diameteris greaterthan the insidediameterof

the steelcyMnder, SC)the lampformsa completebackgroundfor the inside

of the cy~izxler.

The smoke-shutter3.ssimplya lengthof prinuacordwhose smokescreen,

movingacrossa slitat the frontof the camera,serveses a high speed

shutterand helpsto preventthe exposureof the photographicplateto the

luminousmaterialpresentduringthe laterpart of the cbllapse. The smoke-

shutteris timedto closeabout3 microsecondsafterthe flashingof the

lamp.

of the

jueted

lines.

The relativetimingof the initiationof the explosionof the charge,

flashingof the lamp,and of the closingof the smoke-Bhutterwe ad-

by usingappropriatelengthsof primacordin the correspondingfuse

~he c~era is ~~or~d; its focallengthis 34 cm, the photographsare

takenwith an apertureF24, on commercialfilm. The titingof tie camera

shutteris 0.02 sec.

To diminishthe effectof a luminousshockwave insidethe steeloy- “

linder,the ends of the cyMnder are closedoff with cellophaneand the in-

teriorfilledwith butanegas at 1 atm.pressure.

The firingstationis in a shelterabcut 500 feet from the pit. From

here the cameraIs operatedelectrically.As the camerashutteropens,its

mechanism closesa nlcr~witoh which completesa seco rcuit,firingthe

cap.
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Priorto the explosiona set-upphotographis made with the same camera.

The resultsof the test are determined-bya comparisonof the two photographs.

I!oasuremp#_tof Photogrmhs. Analysisof Datq

Figs.3 and 4 are reproductionsof

graphs.

Measurementsat the f’~lmsare made

a micrometereyepiece. On the photograph

in the centeris assumedto representthe

two representativepairsof photo-

usinga low power

of the explosion,

microscopewith

the-exposedarea

cross sectionof the interior of

the cylinderat apprcxximatel.ythe centerplaneof the cylinderat the time of

flashingof the lamp. On the set-upphotographthe innerdiameterof the

cylinderis measuredat the top of the cylinder. To permita comparisonof

the two crosssections,a correctionmust ke appliedto accountfor the dif-

ferentlengthsof the opticalpaths.

Table1 gives the resultsof the measurements.DQta on the collapse

ratioare also givengraphicallyin Fig. 5. Here the measureddata are

plottedas points. The scatteringof the pointsis too greatto justifyany

attemptto determinea position-timecurve

representationof the motiion~the parabola

fit to the points,attentionbeingpaid to

catedin Table1.

M we assumethat the motionof the

in any detail. As an approximate

was drawn which offeredthe best

the valueof the pointsas indi-

cylinderis radial,symmetric,

non-viscous,and withoutcompression,the pressureon the outersurfaceat

any instant is

P
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where x and y are the instantaneous inner and outer radii, respectively.

This formulabecomesindeterminateas~x + O, and,becauseof theassumed

incompressibility,becomesinvalidas the cylinderapproachesthe collapsed

configura%ion. However,the formulahas an approximatevalidityfor the initial

part of themotion. Ifwe applythe equationto the initialinstant,for

which

it becomes

If, in agreement

and t ie

i~hereto is the

X.$oao,

P. ‘;~xo~o loge (xJyol

with the curveof Fig. 5, we assumethe relationbetween x

X/x. = 1- (t/to)z ,

interceptof thisparabola with the t-axis$then the initial

pressureis givenby

●

P.= ?f(xyto)2 Ioge(YJxo)

The densityof steel is ~ =7.85 gr/om; X. = 1000 in.= 2.54 cm; yo/xo =3/2;
. .

and, fromFig. 5, to = 29 x

previousequetiongivesfor

Po”‘ 4..8$3

TIIisis perhaps50 per cent

10”6 sec. Substitutionof’ thesevaluesin the

the initial pressure

x 1010dynes/cm2= 4.83 x 104atm.

lowerthan the expectedvalue. To avoidthe dis-.,

crepancyonewouldhave to draw the curvein Fig. 5 in sucha way as to obtain
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a smallervalue of to, but this is not compatiblewith the proprietyof

ffttingthe curveto the solidpointshavinghigh collapseratios. The dis-

crepancymay be relatedto ~he fact that theentireexplosiveis not detonated

simultaneously,but thisdetonationrequiresa time of the orderof 5 x 104sec.

to Ix3comecompleti.

Table T

Data on CollapsingCylinders

Photo
Nos.

Kc 9,10

Kc 13,14

KC 19,20

KC 21,22

KC 23,24

KC 25,26

xc 27,2t3

xc 29,30

KC 31,32

KC 35,36

Kc 37,3Et

m 39,40

Kc 41,42

xc 43,44

Kc 47948

Eix!&I
19.5

19.1

25..4

31.?

6.2

22.2

12.7

15.9

22.2

22.2

1’5.9

6.2

12.7

9.5

22.2

Collapse
Ratio——

I,oli 0.02

0.75 So.ol

0.55 iko.o$)

0.75io.07

0.66 to.02

1.00 to.oo

0.64tO.00

0.74 io.ol

1.05 Zo.ol

0.67 &O.01

0.75~o.ol

0,24.*0.01

Remarks

Measurementsuncertain.
Ihtane not used.

Completeclosure.

Measurementsuncertaim

Measurementsuncert~in.

II n

n W

Measurements uncertain.
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The firstcolumngivesthe identificationof the photographs.The

secondcolumngivesthe timedelayof the flashingof the lampwith respeat

to the initiationof the detonationof the main charge. The thirdcolumn

givesthe collapseratio,thatis, the ratioof the instantaneousInnerdia-

meter to the initialinnerdiame~r; these

of fourmeasurementsof the innerdiameter

ivelyby 45°. The mcertain%ies talmlated

valueswere obtainedfrom the mean

made in directionsdifferingsuccess-

in the thirdcolumnarq obtained

from the mean direbtionafrom the mean of thesefourmeasurements;theygive

some indicationof the symmetryof the innersurface. A part of this uncer-

taintyresultsfrom experhentil difficulties,as is indicatedby the fact

that simil.armeas@ements on the hitial.innerdiametirsmade on the set-up

photographs had on the averagean uncertaintyof tO.01.
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FiJg.2 The E~erimentalSet-U~

The chargeis suspendednear the aenterof the pit by meansof the
woodenstand; the chargerestson a flatboardwhichis carriedby three
hzwelingscrews. The He-argonlamp servingas the lightsourceis carried
on the base of the stand. To the rightof the pit is locatedthe bombproof,
whichhousesthe camera. Lightfrom the lamppassesthroughthe cylindrical
charge,is reflectedby the mirrorat the top of the stand,end againby the
mirror over the bombproof,passesdownwardthroughthe bullet-proofglass
windowon the top of the bombproofand enters the camera, whose ‘axis is ver-

tical. The primacordfuse leadsin a branchingcircuitfrom the cap to the
chargeand to the lamp,and has a branchwhiohentersthe bombproofthrough
a two-inchpipe and servesas the smokeshutterfor the camera.
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F$g. 3 A Pair of Exuerimenj@Photo~h# (PhotographsNos. 13 and I&)

The set-upphotographappearset the top, the explosionphotographat
the bottom. The timedelaywas 1901sec. The collapseratiomeasuredwas
0.?5 t oh.

The brightspotin the centerof the explosionphotographis prmbably
due to the intenselyluminousjetwherelightapparentlypenetratesthe smoke-
screenshutter. ‘l’hefour particularlybrightregions on the outsideof the
chargein the explosionphotographoccurmidwaybetweenthe detonationpoints;
theyresultfrom the meetingof the detonationwaves. The appearanceof these

brightregionsprovidesa basisfor judgingthe symmetryof the detonation;
the indicationsof tho aboveare very satisfactory.
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RJg&L A Pair of ExnerimentdPhotozra~hs (PhotographsNos. 19 and 20)
.

The set-tipphotographappearsat the top, the explosionphotographat
the bottom. The timedeldywas 25.4 sec. The collapseratjomeasuredwas
oo~ ~ ()&.
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