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Effect of Wire Diameter on the Pressure
Generated by Electric Explosion in Water
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Applying a large impulse current to a metal wire in water, an “under water wire explosion”
generates pressure waves together with arc discharges. In this paper, experimental studies on
the generated pressure and time variation of input energy are introduced and discussed for
four kinds of metal wires having a diameter between 0.1mm and 0.3mm. We also measured
the periods fa and #1 from voltage application to the onset of arc discharges and to the occur-
rence of maximum current, respectively. Experiments show that the pressure and time varia-
tion of input energy depend on the diameter of wires used. There exists an inherent diameter
in the material and length of wires and in the source voltage, which is referred to as an
“optimum diameter”. Using wires with the optimum diameter, the periods Za and #; mentioned
above are approximately equal, resulting in the highest values of the generated pressure and

time variation of input energy.
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Fig. 1 Schematic diagram of experimental circuit.
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Fig. 3 Waveforms of current and gap voltage.
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Fig. 4 Relation between time variation of input
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Fig. 5 Relation between time variation of input
energy Wi/4t and wire diameter d.
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Fig. 6 Waveforms of gap voltage and pressure.
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Fig. 11 Relation between time variation of input
energy Wi/4t and time ratio #v/4.

THBHEREINTWABD., Zhik, BERAELSLE
MRARESRE LV, bbb, b=ty OBEREKE
NINRFETHZERERTS. B 11 ©x v I AT Vi
DEE OWEHG tv/h & k= % v ¥ — OBRZ L Wi/
At r OBIRERT. 7 2 — 2 XKBEE Vo Ths.
RERDWME L i, W tv/h=1 ©s\TES P,
Lichi»T, Wi/dt Mp Kb o scich, LrL,
AEBROFER TR, K11 D X5 L tv/t 23 0.6~
0.7 DHEEWHE =3 V¥ — O RFHZEL Wi/dt H&K
Lt o T A,

BT, W10 KR WCORLE, BERELRTT —
7 EANBATT 5 OWET B 4t T, B fa
=(ty+4t) BE2 %, ¥ 12 CHE = V¥ — DEZE
b Wi/dt Ll ta/tt & OBGREYRT. AR, X
11 L4 A—D&EDBET, <5 2—x1x Vo Th
b, COBE, B f/ft 2NIE D (R o) o
EFWHE =R VF — DR MBS ERRE s TWB T
L Ddodn 5910,

K 13 (3« DGR OB A OIE = % ¥ — OIFH
Zqk Wi/dt LW ta/ft & OBIRE TS, BRI,
K9 LEUEHThHy, Ve=15kV & Ths. fa
OEBMEFER Licoiz, ch¥okd UTERE-
BRTWBHIHST wIUCE LU, BUEAME I
RBoK&EWIOL LTHEY, @ BEoEb L
LT v 7 AT vigwliA L, ThEnoE i3
BledThsb, Linl, B 13 »bRT, &BHOME
BRI Th, B /i 25930 1 (oM
L= R X — ORI ARK, L -TC, ED




RAEROBRIEINC & BREEN~ORBOKE GFIE - n « kIE - Kl - hE) 53

O Ve=23kY
@ : Vo=20kY
A V=15

§ V@ Va=10kY

2,

2

N

E

- 15 =

< —Q\Q

:

: o = N"’_Amm\ﬁ

= ~

: ~

= ~ N

% ~ N\

— 5 i \

o A

a %\V

N
0 | ] | |

0 0.5 1.0 1.5 2.0
Time ratio ta/t;

B 12 =saAF—olHEEt Wi/dt LR /b &0
BAfR (2 v 725 vt ¢g=20 mm)
Fig. 12 Relation between time variation of input
energy Wi/4t and time ratio #/f.

15 ¢

(Mw)
s
!

variation

<
1

Wi/ a4t

Enecrgy

0 0.5 1.0 1.5 2,0

Time ratio ta/t{;

B 13 =%k ¥—-oRHZEL Wi/dt LERE /b Lo
BifR (B : ¢=20mm, Vo=15kV)

Fig. 13 Relation between time variation of input
energy Wi/4t and time ratio fa/f.

BRI 5 o & Avioh 5510,

DLEOSERY, 88 Ot = % L % — ol Mz
1t Wi/At DF 2 TP TR AT 5. SRR
KB)R LI L b, =R A ¥ — MG L
Td, Bz iug, REFINL, & kB E 4
(iR LB O@EREOREH 4 pyo
ERAE— W1 CBERT 5. o0 Wi RIEE 4 oo
7o b DA =5 ¥ — DSHIZAL T 5.

M4, BI1205 Y /A7 /HOBED At SR
Cx v I AT VRS CEAS R =k 0¥ — Wi LE
BdLOWFEFRT. <72~ 2 AHRBRE VoTh Y,
B a, b, ¢, d & Vo s s REEE TS, B
HERE 2, b, d 0% Vo Tut, BRI THRA
DEAAF~ Wi HRLCS. Vo=15kV (Hrha

Energy W, (1)

0 0.1 0.15 0.2 0.25

Wire diameter d (mm)

B 14 =ka¥— Wi L&BRER d & OBk
(2 v 7 A5 v g=20 mm)

Fig. 14 Relation between energy Wi and wire
diameter d.

10

(us)

Time 4t

] I | I
1 “=”€<
0 0.1 0.15 0.2 0.25

Wire diameter d (mm)

K15 M 4t LE&BBRERE d L OBR
(B V7 AT v#: ¢g=20 mm)

Fig, 15 Relation between time 4f and wire diame-
ter d.
H) OB, HHERECIEWT Wi 235Ekki-T
Wn .

R NG 4t N3 —ETh b T, ki
T =k ¥ — ORFIZSL Wi/dt %158 5wy, 4t HiRE
D =RV F — W1 BNREFIER W Eitin s,

L, KR 42 ir—Ecidinl, EBE& -7
B T 5. W15k, MI1208a0, K 4 &
Ry FAT VRBRA EOBRERT. 49 2= 213F%
EEE Vo Ths. £ VooBassd, BERdoINC
LTy, R 48 R L, BAEARCET T 5
FEZRLTW5, ok, COBRMHRELM 4 2600
BRD =5 A% — W1 L &BEOME, THRUKES
e & OBITRIL SR OBBETH 5.

KR, =30 — oML Wi/dt L ERL &
OBRAFRIE, M4 R Lizc=F3 ¥ — W1 ~0EZdID
PR & [ 15 iR UIchGE 4f ~DOEE d DREE L O
AL DPED. Thbb, N4k 3 Vi=15kV
(aF) OBELVTEDORREY LSFE LS. D% Y,
ZOBETY, BHEZ c KL T=F1rF— Wi 1%



54 BESSEAE BITE H1E (1999)

BhklicoTuig, Ll, BH 4 LERELLOHN
BT T, BOEER c s\ T e R v F — ORFHE
gl Wi/dt Mgk Ein-T\wh., o &hbd,
O W Tlikie <, Wi/dt BB ETH
Lo EMERTE S, Lo, ZOEBHRNDLA
T, BEREAYERLTT — 7B~ T 5 4 H
At WEBHRARAERIS X 5, BRRED R ET
LTS BSMOERL IV BETMIRWE VWS TE
NTES.

Fie, 4.1 TN LK, FA—0f&f0D & TRE
BROEEAYLELLC L LT, &BHRORBEIT
W BIEE v, Uiedio T fa (Stv+40) %2
xR pz eNTES, 2%, A—EHFTERT 3K
WEE L, e fh/h=l BRETEBEET
b5,

2 vF vy RBEE, »5-iiLBHoMEE, RSk
ER—E D&M R\ VTL, B0 X5 i EEROS
BaRnszlick T, MOAKEHE=F1F—
OEEZBAE DR, TOREE LT, RLRELEN
L ENNTE B,

7. 0% & B

K TO&BHOGHIRER X v FET 58 LRES
WS BRER L ORI 2 KBRS, D, KOZ
ERB B LT ol
1) Kh&BROBIIINC X b 4T 55 L REERE

HEOWEEL, SEHROSBBEKEYRTT
— 7B BT AEENCEA I HE =+
¥ — BRI Wi/4t @ 0.72 Fr bl 5.
Lichin T, LD AEREN®E R0 Wi/l
BRELTHLELRDS.

(2) &BEHmoEE BRI vF vy REEBEREN
AU chhuy, BbkEio=>3 ¥ —OREEIN
BLRAERBERCREWTREETORKRERSD T
ETER S i,

(8) EBERSE—CTHIUL, BABERIFEETSHET
OEMIF—FETH 5. ThieH LT, £BRROTEH,
EXRO 2 vF vIRBRLR EOEGNR—EDY
&, SBHBOERYEXLHI LRI - T, RKREL
DIET D ECOBMELIEIEH Z LENTES.
Lizcii»C, @BHOERENRLIE, =FrF—
ORZEL Wi/dt S Rin - fcfBEin 5.

@) &BgoEE, BIRO = vF vy REEELED

Gl R — DB, Bh KRB =X ¥ — Ok
B2 E Bk, EERERRTT — 7 R~
TR 4D P, BESRKERD XD,
SBHOBEREYBETIER V. Tiobb, 2Ok
X OEBHMOBERN, TOL&MCHT SHHEERELE
mh.

(5) FiEos&t: (GBHOME, RIRF2vFvyHo
FEBT) ki 2 RHERTEANE, B
B L I bR 4 D 60~T70% ORFRHICEHE
BEREALLIBERCHS. RAERLE, &
TR E AR & e AR v i, SRR O
At F Ik F-WEHE fa 25, ’Eﬁﬂ(ﬁﬁiﬁk&fxbﬁ%‘-lﬂaﬂ_ 131
LIRS U (ta=ty+At=t) wicd X5 e RBRE
BEARHERTH D,

(6) &BHEOEIRO 2 vF v ORBEER E DL
BB TH-Th, LEMOEEIRIIE, Bl
HED RIS, Lo L, @EROMESRIL-TD,
B~ X 5 e, M fa/t=1 &0 5 B
LT A LR LD, REERETHIT S &
T&5.

KRR RS B RIS RT O S
Lo TliotcbDTHB. Fi, ERCHII St
JE SR IR AR RN e LT

2 £ X B

1) HiE &, HEHERE, RELBHB, SAREE: BES
2eash 15 (1991) 166

2) HE B, EWRERL, ALEBHS, BHEEEA, ME
3l MEL YA, 16 (1992) 146

3)  TEAREREE, TR B EERFAE, 98 (1978) 241

4) e, WIEE4, ANEUAE : BABIRESIRIUR
(45 33%), 44(1978) 1397

5)  FEEBES, JLE—E, BEEA LI, 9 (1968)
32

6) FE 9, EEEE, FEBHB, Lo & HARH
BB : BB 35 B BF 98 & E k), SPD-91-11
(1991) 56

7 PR, MIRES, N
(4 3%B), 44 (1978) 2912

Q) HiE 5, EIEIERE, AL, kR, Lo 3,
NEE L PR 3 REERB AREAHIL M AR &
I, No. 1D7 (1991) 135

0) HiE 42, EHEERE, ALBHS, R, L &
N %ﬁﬁ%iﬁ*ﬁﬁ‘ﬁiﬁé 91, 29p Al0, p.
153 (1991)

10) FE 25, un %, EEIEE, REBMSE, NE B
mR AP RS AR R, SPD-92-21 (1992) 32

RN Y




