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In the present paper, implosion responses of two adjacent cylindrical tubes under external hydrostatic pressure were
experimentally investigated, The cylinder models were fabricated of aluminium alloy 6061-T6 commercial tubes, In the
experiment, a pair of two—cylinders were placed inside of a support frame in a medium—size pressure chamber, whose design
pressure was 6,0MPa, The distance between the two—cylinders was 30 millimeter measured from outer shell at the
mid—length, The implosion tests were performed with water and compressed nitrogen gas as the pressurizing media, The
ambient static pressure of the chamber and local dynamic pressure near the two—imploded models were measured
simultaneously, It was found that the energy released during an implosion from the first, weaker cylinder triggered the
instability of the second, stronger cylinders, In other words, the resulting shock wave of the first implosive impact from the
weaker cylinder could cause the premature failure of the neighboring stronger cylinders, The non—contact implosion
phenomena from the two—cylindrical tube were clearly observed,

Keywords : Implosion experiment(LHIF A1SY) Serial implosion(S4H LI, Two—cylinders(5= 7H2| ®S), Collapse pressure(S1| ),
External hydrostatic pressure(2/5 H4-2h)

1. A—I = HEo2 245 22120 E1(collapse) =1 Al HR =2

2 TEAZ|7|E ok HAOICE O SHAR2 AlsloflA] LhEh 4= U

L Zkinmplosion) 2t Z2Kexplosion)oll CHS5k= tlof2 oftd 7= = =20 255 HEoZ Q) EHupt e =1 A
=9| o|Fof| Z2sl= o] xS Lol ECt A T==0| of weiMe FH FESS MECE ST |E St

Received : 25 March 2020 | Revised : 20 April 2020 | Accepted : 27 April 2020
T Corresponding author : Sang—Rai Cho, srcho@ulsan.ac kr



A2 LR Mo LI A& Rl‘j | dxl=l= F7F =2
2 2ol gHgel 2 g HE & A=S MA=oiof it
SHo=z FpAel U Mils 31| Y=g TIECeE MEe of
HASE Defolo] AA=L Qlck gl 87t FxE0| S| 2
Of LHRf MAle| S2| UAECE Fom FIt P20 tut e

2 QoI5 ZAIP| et MAle| =] S1E Rk

2IM Z=erlel LR MA| AAlofl U0 B S1| ldiEnt ojz)
QIS £t FxEnle| Lot ASAtEE T12{siofof Shot

Liih sdadol| Chst OfSHE fIs Tl == 0188 A7t
EiEet of2] AP olsl T-=|UCE Urick (1963)% b
22 uE A1E sl 37|12 A
2to} 150m oflM 2300m =A7KX| FElHE 7FEP°*OII’_ welH
o 24| Al L5t ZALE +EFUEX|7|(hydrophone) 2
A3ICt O and Schoenberg (1976) = AlgtAlm)b Al 5ff o]
M Feldol et WIS asI9ict o] &2 HuizRE
HHSH SERISE EAMsio| Uiot X0 SR EA(negative
pressure pulse)7t 2SI 0[0jA HIIER 2fb EHA
(positive pressure pulse)?| EHls= ZHg & 58“15} Turner
(2007)i we|7oll chet LHotis s #zsmz
x[aiAM Zne} v| WSt Tumere| LHZAIE o
off tist Alsloz &FAt=|QiCt (Tumer & Ambrlco 2012).

PR | 5 ofp] xztoz AMEEZI0|

pre = = O|=0f FXstF
U HAQ FAlSH SME EO#’WEF ol o|®0l= 3%
off CHh Lo} A o177t CHE RS0 2l A% =
o0q (Farhat et al., 2013; lkeda et al., 2013; Gupta et al.,
2014; Gupta et al., 2015; Teguh et al., 2018), SEAAZ H|
ZtEl S0l cheh Liuk AEE FI1=[QIct (Pinto et al., 2015).

QIYst F=E2| thet oM k= 20010l 22| I
710|274 (Super—Kamiokande) £A0|X} Al Aloj|A] ShSH A}
1286 Mg 2=t (Cartlidge, 2001). &+ 742 FEoi|M
SIS LY IORZ oleh SATP | oIy JFEO| Moz MEE|of
11,000742| &~ 3'.: H(photomultiplier tube) & 2F 7,000712|
FEI} oMoz mpy=|ct O] ALl O|F FAuE oI5t A

= 1
:|0rﬂ£”'

P
=35 HSe

| E
o

in r+o

M 229 -?I@% eksp| 2fel cleol Zdat FEo| oisk o
o MY 9 siMe Al | S (Ling et al., 2013).

z|20f= E2kS 0|8s10] =5 Zdt A| WMSH T2 2l

=2| a2 =ARBINCH (Qu & Zhou, 2017; Javier
et al., 2018; Matos et al., 2018). Qu & Zhou (2017)= S
X S 2ol Chsto 5 I Aoz IF 242 5|1,
EAE §E 2Hof| 2 S| AES FHSIICE Javier et al.
(2018)2 ER/o|ZA| S 2 M2t 2858 mo|=of Ciistod
+Z ZuE Uod|s Uuh AHS FAsIict 2R 81 &f

29| 80%01l siHste U2 7iet  FokS FuAA Lupt
=3

AUAS #‘%IE i 7 [HS THLst

HESICL ol YSY Yol SUREE oSk Zio| 22|
DS JHHSkD Ol AKESI0 20| 81 Al LMsh= 2}
| FYsk= 710] sliiAfE JHESIRICE (Nno et al., 2020).

2 dFolMe cid S0 chst Lim A (Teguh et al.,

2018)0i| 0|0 1| &=d0| MZ CIE M| 71X|2| Y=Folseta %J
& Y2 M7 3 Mzksto] ot MRS Estl olE Sof
mlet oI Eex|e| ASARZo| TS0 oITsiQit Lt AE2
213 &7|(pressure chamber)2} 02t A4 55 Zx|E 0|85}
0f SRH=[ACE O7|M 1Rt EA FF FRl= Fx= 31 0%
o 74l ol 31| UHS FXISHET 5101 A s} FAL

==
FetdS Mg 5 U= Fx[oleh

rOII

2.1 Ay ol H=

21| o] MZ Ci2 M| 7IX| 2Y C8 Al2|=, C9 Alz|=et
C10 A2|=E Fig. 12} 20| Xﬂﬂ_p'q C8 Alz|== 57H(C8A,
C8B, C8C, C8D, C8E), C9 A|E = 57H(C9A, C9B, C9C,
C9D, C9E) 12|n C1O Al2|= 67H(C10A C10B, C10C,
C10D, C10E, C10F)Z & 16719 AEI%I 2HEIS M2 eni, of
ZollM 77He] 2E(CBA, C8B, C9A, CIB, CIC, C10A, C10B)=
ARSI cid Yl Asn) =4 S AMES $AIsICt

A5 mdlof Ixj= MA| Z0]7} 2000mm, FH= 5mmo|oy,
20| 60mmet 8omme! F0olE T 6061-T6 Io|=olct
2} Dolo| 23| MAIS MA 3 5 SxjFAMS S5 @il
Zo|et FHE ZMsIct. BHO| ApMISH X5=2f S2| MA Q=

— C10 series

C9 series

C8 series

(a) Fabricated test models

Cylindrical
< tube
End-plug _—~»~
length (1,)
End-plu,
— plug
Length of reduced —
section (L) ~
End-bay
length (L,)

(b) Schematic assembly of the test models
Fig. 1 Aluminum-alloy cylinder models
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Table 1 Geometries of test models

Vodel Main cylinder dimension (mm) Pe. desion
I— |—b Ie t Dinner (MPa)
C8 series | 145 | 50.0 [ 25.0 | 0.6 | 50.0 1.4

C9 series | 195 | 50.0 | 25.0| 1.0 | 70.0 2.1
C10 series | 300 | 50.0 | 25.0| 1.2 | 70.0 2.3
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Table 2 Material properties of test models

Young’s Yield Ultimate tensile
Model modulus strength strength
(MPa) (MPa) (MPa)
C8 series 70,100 171 199
C9 series 66,500 217 241
C10 series 67,300 204 222

Nitrogen
Control system

»

Strain gauge and pressure
acquisition system
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Fig. 2 Experimental set-up for implosion tests
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Fig. 3 Arrangement of dynamic pressure sensors for one—cylinder
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Table 3 Implosion test results

Model Test Collapse pressure | No. of lobe
method (MPa) (failure mode)
C8A | , 1.40 4
CoA Single—cylinder > 11 3
tube
C10A 2 97 3
C8B | Two-cylinder 1.34 4
C9C tubes 208 3
C9B _evl 3
Two—cylinder 5 08
c10B tubes 3

~ SRR

Fig. 9 Failure shapes of two—cylinders test: Models C8B—C9b
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