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IntroducFon	

High	power	electrical	discharge	in	water:	

•  generaFon	of	shock	waves,	
•  waves	 propagaFon	 and	 interacFon	 with	

materials.	

ApplicaFons:	

•  medical,	
•  separaFon	of	materials,	
•  recycling.	

Fig.	from	PhD	thesis	of	Gilles	Touya	

Lithotripter	and		fragments	of	a	1-cm	calcium	oxalate	stone	
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Problem	definiFon	

Concept	
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Examples	of	fragmentaFon,	ITHPP	

Before	treatment	 AUer	treatment	 5 



Procedure	

Experimental	
tests	 Data	 SimulaFon	 OpFmisaFon	

•  ITHPP	generator	(I(t),	Δx	electrodes);	
•  diagnosFcs	

Objectives Moyens expérimentaux 

Caracterisation du terme source Visus, strio, emission spectra 

Waves propagation Visus 

Interaction with objet / Fragmentation Visus + inverse measurements 

Altair	RADIOSS	
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SchemaFc	of	experimental	setup	for	high	power	
pulsed	underwater	electrical	discharge	

A.	Claverie,	J.	Deroy,	M.	Bous6e,	G.	Avrillaud,	A.	Chuva6n,	E.	Mazanchenko,	G.	Demol,	B.	Dramane.	
Experimental	characteriza6on	of	plasma	forma6on	and	shockwave	propaga6on	induced	by	high	power	pulsed	
underwater	electrical	discharge	//	Review	of	Scien6fic	Instruments.	85,	063701	(2014).	
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Experimental	setup,	Bmax	
• Modular	electrical	discharge	generator:	

•  CapaciFve	storage	of	electrical	energy	
•  1	to	9	capacitors	of	1.85µF,	maximum	voltage	of	40kV	
•  Stored	energy	capability	:		approx.	1-10	kJ	

•  Discharge	circuit:	
•  Point-Point	or	Point-Plane	electrodes	configuraFon	
•  Variable	inter	electrodes	gap	

•  Available	diagnosFcs:	
•  Current	and	voltage	probes	
•  Pressure	gauge	
•  High	speed	cameras	
•  Velocimetry	measurement	

8 J.	Deroy	and	all.	Op6cal	diagnos6cs	for	pulsed	underwater	electrical	discharge	characteriza6on	//	2013	APS-SCCM/
AIRAPT	JOINT	CONFERENCE	(7-12	July,	Sea\le).	

	



VisualizaFon	of	the	plasma	through	discharge	channel		 

	 	 	 	 

	 

	 	 	 	 

		t=12	ns 	 		t=1	µs 	 		t=2.1	µs 	 		t=2.7	µs 	 

		t=5	µs 	 		t=9.1	µs 	 		t=10	µs 	 		 t=30	µs 	 
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A.	Claverie,	J.	Deroy,	M.	Bous6e,	G.	Avrillaud,	A.	Chuva6n,	E.	Mazanchenko,	G.	Demol,	B.	Dramane.	
Experimental	characteriza6on	of	plasma	forma6on	and	shockwave	propaga6on	induced	by	high	power	
pulsed	underwater	electrical	discharge	//	Review	of	Scien6fic	Instruments.	85,	063701	(2014).	

	



Typical	emission	spectra	from	high	power	
underwater	electrical	discharge		

10 

0 

15000 

30000 

45000 

60000 

180 280 380 480 580 680 780 880 980 

In
te

ns
ity

 (A
U

) 

Wavelength (nm) 

OH 

Hγ 
Hβ 

 

obtained with trigger on discharge instant and 100 μs after discharge	

0 

5000 

10000 

15000 

20000 

180 280 380 480 580 680 780 880 980 

In
te

ns
ity

 (A
U

) 
Wavelength (nm) 



Bubble	expansion,	ITHPP	

Gap	15	mm	
U0=25	kV	
C=1.85	µF	
E0=327	J	
Pressure	diagnosFc	-	PVDF	
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Direct	observaFon	-	Bubble	expansion 
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Measured	deposited	electrical	energy:	111.6	J	(total),	75.7	J	(1st		“arch”	of	power	deposiFon)	
EsFmated	deposited	electrical	energy	from	potenFal	energy	at	r=Rmax:	67.9	J	
	



Pressure	wave	propagaFon	observaFon	

Ultra	High	Speed	Camera	(by	LCD):	
Shimadzu	HPV-2	camera	up	to	1M	
frames/s	(312x260	pixels)	

Spherical mirror 

Hg lamp 

Spherical 
lens 

	 
	 
	 

Knife 

Spherical 
lens 

	 
	 
	 

High	speed	camera 

Experimentation tank 

Filter 
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RADIOSS	
Numerical	simulaFon	has	been	provided	with	Altair	HyperWorks	products:	HyperMesh,	HyperCrash	
and	RADIOSS	code.	

	 RADIOSS:	

•  Finite	Element	Solver,	
•  linear	and	non-linear	simulaFons	(structures,	fluids,	fluid-structure	interacFon,	

mechanical	systems	etc.),	
•  high-speed	impact	simulaFon	–	over	20	years,	
•  easy	transiFon	to	OpFStruct	and	HyperStudy.	
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Procedure	

Experimental	
tests	 Data	 SimulaFon	 OpFmisaFon	

•  ITHPP	generator	(I(t),	Δx	electrodes);	
•  diagnosFcs	 Altair	RADIOSS	
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Experiment	to	simulate	

Tests	were	carried	out	at	the	tank	60x60x53	cm	(LxWxH).		
Gap	between	electrodes:	5	to	15	mm.	
Max	stored	energy	-	to	35	kJ.	
Time	(shock	riseFme):	530	ns.	
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RADIOSS	model	definiFon	

•  2D	axisymmetric		

•  QUAD	elements	0.5x0.5	mm		

•  Gap	is	15	mm,	

•  deposited	energy	327	J		

SESAME	law	presentaFon	 17 



EvoluFon	of	the	bubble	
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Pressure	wave	propagaFon	
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InteracFon	with	aluminium	foil	
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OpFmizaFon:	reflector	

Possible	mechanical	amplificaFon	of	shock	waves	–	an	ellipsoidal	reflector.	
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Indirect	velocimetry	calibraFon	of	pressure	gage	
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TransiFon	vers	laser	
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Shock	waves	generated	by	laser,	PPRIME	
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Velocity	Interferometer	System	for	Any	Reflector	
(VISAR)	
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•  velociFes:	from	100	m/s	to	10	km/s	

•  transversal	visualisaFons	



Shock	calibraFon	

Experimental	data	and	simulaFon	of	laser/alu	interacFon	
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Pressure	simulaFon	by	inverse	analysis	

2D	model	with	hydro	water	law	and	alu	50	mum:	pressure	varied	to	feet	experimental	velocity	
profile,	and	then	iniFal	energy	E0.	

0,000

0,002

0,004

0,006

0,008

0,010

0,012

0,014

0,016

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
ns

km
/s

27 



Bubble pictures 
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Bubble pictures 
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Conclusions	and	perspecFves	

•  Originality	of	visualisaFon	of	first	discharge	phases;	
•  SimulaFon	limits;		
•  The	Bmax	model;	
•  Progression	mis	en	œuvre	de	methode;	
•  Spectroscopy	to	extend.	
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ça	marche		
mais	on	ne	sait	pas	encore	trop	pourquoi!	:)	



Annexes	
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InternaFonal	Technologies	for	High	
Pulsed	Power,	Thegra:	
	
RealizaFon	of	the	prototypes	for	clients	
tests	in	research	and	defence.	

Bmax	(I-Cube	research),	Toulouse:	
	
ExperFse	and	research	in	forming,	
welding	and	crimping	using	extreme	
deformaFon	speeds.	

AIDER	project:	«ApplicaFon	Industrielles	des	
Décharges	dans	l’Eau	pour	le	Recyclage»	

PPRIME	InsFtute	(CNRS-ENSMA),	
PoiFers:		
	
LMPM	+	LCD	

PAPREC	Groupe,	La	Courneuve:	
	
Independent	French	specialist	in	
recycling	(papers,	cartons,	confidenFal	
archives,	plasFc,	industrial	garbage,	
metals,	wood,	bayeries,	vehicles	etc.)	
	



Different	ways	to	load	energy,	EMA		MulF-physics	
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Pressure	evoluFons	for	different	loadings	of	energy	
1)	Energy	loading	in	the	water	 2)	Temperature	loading	at	

boundary	elements	
3)	Time-depended	energy	at	
boundary	elements	
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Modeling 2D case 
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Demonstrator	ITHPP	
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