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Radiographs are presented showing stages in the development 

of the uunroe effect in an ao0 cone and a spherical cap, 

and the projection of soma plane discs. 

A time scale has been recorded on the radiographs by the 

use of a detonating fuse clock. 

In t he ease of the ao0 oone, the formation of jei and plug 

can be followed from the inc!dence of the detonation wave, 

up to about 60 mitresaconds later, when the jet is some 

30 ems. leng. The jet from the spherical cap can be tollnw­

ed for 15 ems. 

measurements from the radiographs have yielded velocities 

for the jet and plug fro m the so0 cone, and for the preject­

ed material +rom the plane . discs. ~vidence of tDe de£ree of 

fragmentation both in the curved and flat linings is obtain­

ed. · The information that these radiographs yield about the 

formati•n and ne. ture of kunroe jets is discussed. 

It is concluded that for the ao0 cone, the results are in 

good agreement .with the hydrodynamic theory ef the h1unroa 

Ef'f'e ct { 1 , 1 i ) . 

n~TR>WCTION. 

The technique of these experiments was given in the previous paper. 

The method briefly is to use an intense flash of X-rays, lasting 

sons fraction •f a microsecond, to record a shadow of the rapidly 

changing configuration of a shaped charge during and after detona­

tion. The metal parts throw clear shadows, uncomplicated by fiash 

and smoke. 

The signal for the producti•n of the X-ray flash. has to be given 

in advance of the instant it is desired to record. The signals, 

in correct sequence, in the very small time intervals required, are 

given by the passage ~f a detona\ing wave down a meaaired length of 

detonating fuse. 
,, 

! : A. c. '3596 - J.. L. 'l\ick - it note eii the theorf e'f the ~unrce Eft~ct. 

ii. A.G. 3734 - G. I. Taylor - A termulation tf M.r. Tuck's o~nception 
. ot 1'.r.unroe Jets. 

c·o1r:1 DENT lAi;. 



~ steel wil'•• held l'a4:1fi,di1ll;'Il~~JI• 

touahilll the outa1de of •• ·,••• 

t~e etartins poa1t.Scm ot ••H11 
A.,, eta. 
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Plane Discs. 

The thiclme ss of the discs was selected to be comparable with that 

of the 80° cone lining, with the intention of deriving from the 

rediographs, information conceruing the magnitude of the velocity 

of projection of the lining materiel, and more particularly, how 

this velocity varied across the face of the charge . 

Observations OL the so° Cone Pictures. 

The collapse nf the cone is seen to take place progressively from 

apex to base, with the development of an axial jet and plug . 

The velocities obtained for the jet and plug, have been measured 

from the radiographs, and plotted in Fig. 1. The values are:-

Vj - 4. 25 x 105 cm./sec . - 14,000 f . s. 

Vp - 0 . 715 x 105 cm . /sec. 2,350 f . s. 

This behaviour is in accordance vii th that exJ:ected on hydrodynamic 

grounds if the conical lining were behavins as a fluid shell. That 

such behaviour can be justified, without melting of the metal, is 

on account of the smallness of the rigidity forces of the metal, 

when compared with the forces exerted by the explosive, and arising 

dynamically out of the subsequent high velocity flow . 

Tho treatment (2) for a fluid shell whose thickness is inversely 

proportional to its distance from the axis gives expressions for the 

plug and jet velocities Vp and Vj of 

Vj - V cot°'/2 

Vp _ v tan 1X/2 

where V - velocity of initial projection of lining. 

whence v 

and o( 

f;} - semi-angle of cone. 

C, - throw-off !lllgle of the projected material . 

1 
(Vp Vj) 2 

-1 
2 tan Vp/Vj 

Using the experimentally observed values -of Vp and Vj 

5 
we find V 1.73 x 10 cm./sec. 5,700 f . s, 

and 

This value of V for cone material of thic lme ss - ( .024") may be compared 

with the observed maximum velocities of projected plane discs of 7,600 

f. s. for .03" and 11,300 f. s . for .02" thickness respectively (Fig.l end 

plate 3). 

The calculated value of yields for the throw-off angle 
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INTERPRETA. TION FROM THE RADI06RAPHS OF 

TH E STAuES IN ntE COLLAPSE Or AN Bo· co~E. 
THE CURYED R\M WH ICH FCRwtS ~OUt-lOIME 

PLUG CAN BE SHC~ TO BE A CON SEQUENCE OF' 
T~E FAl-L IN V, THE IN ITlAL. PROJEC.TIO'H 

VELOCITY OF THE CONE LINIHG FROM A'41~IOEDGE 
THIS f'AlL fN V IS LIKEWISE: RE.SPoN~IBLE F"OR 

A 'JE LOC..IT Y CR~OIEHT IN THE JEI WH ICH 

TfNCS TO STRETCH Ii ANO TO N'\AS. K •HE 

O f FIMI T E ~EP,,..RAllON WH1<;.H APPEAR.~ l,..TM£ 

fC>EJ\L MOOEL OF FIG 2 . 
THE' JET IM"ni£ L~i.:S'Tb.G.£6 APPir.b.~S TOHA.'/r~ 

UP tN"f'O ..,_~~RIO 01' .. O.flot($ ... ~,,, ... ~OMI 11411'6/UIA,,... tJI' 
A&C:.\f c.-A.tt&T"f· 
MEASUR~D vAL.U E. o~ 

JET VELOCITY v~ : 4 · 25)( 10 5 CM/ SEC= 14,000J:"S. 

Pt.UG V£lOC.1"'CY Vp • 0·71~ f.., 10 5 CM/ SEC ':. z~so r:s. 
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PLUG 

THE Dl"-GRAMS DEPt<;..T THI: COLLAPSE OF AN so· 
CONE ACC.ORD\NG TO THE l'Hf.05ZY OF TI-IE MUtilroE' 
EFFEC.T OE:VELOP£0 IN P~PERS AC..359~ AHDAC37~4 

THE \OEAL <;A&E l~ REPRE.5E~TEO WHERE IME 
lNlTl~L VELOCrN OF THE C.ONE LlNlWG v le ~ERYWHEeE 

UNlF"ORM AND THE THtC.KNES~ OF nu: C.ONE LlN\NG 
VAR\E& \NVERSE.LY A5 ITS O\ST"NCE FROM THl!. A~\S 
OF THE C.ONE. 

THE EXPERIMENTALLY OBSERVED YALUi.~ OF VpAHO 

VJ- HAVE BEEN U.SEDTO CA.LCUL~TE Y, d.. A>~O THE TIME' SC.~LE 

PLUG V • Vp e 0715 >C. \Osc.M/!>cC • 2.350 FS. 

j ET Y • V> -' 4' ·25 '4. \O._ CM/ ~EC.. : )4.000 FS. 

OETO .. t v " Vo • 8·o JC. 10~ CM/SEC ' 

CALC.UL.lio.TEO. ~ 

V, (VpV~) = 1· 7.3 >tlO!. CM/SEC. • S ,700 F~ . 

tA • 2 T1\N 
1 (VP/Vi) >2 = 4 4 · 5 ° 

(Q.) J~ ~TA.MT O~ C.OtiT"CT OF DETOAATIO"'l WA.YE WtTH CONE 

((,) OETONll\TtOH COMPl.ETEO. 

(C..) C.OL..LAPSE COMPLETED PLUG AND j(l' CO""lM'lNC.E 

TO S!.PA.~ TE. 

~ UNt>URN T E1'PL05lVE. 
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