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EUIR]ISOIL

@ The Aim of EURISOL Desiin Situdy

« The EURISOL program aims at the construction beyond the
year 2012, of the ‘3" generation’ European Isotope Separation
On-Line (ISOL) Radioactive lon Beam (RIB) facility

It will extend and amplify the existing work presently being
carried out at the 15t generation RIB facilities in Europe and
other parts of the world

« The EURISOL facility will play a complementary role to the
recently approved SPIRAL-Il and the FAIR project at GSI
Darmstadt, Germany, the European ‘2"d generation’ ISOL and
In-Flight RIB facilities
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EUIEISOL
EURISOL Roadmap Besign Study

 Phase 1: Preliminary Design Study of EURISOL (2000
- 2003), the ‘next-generation’ European ISOL
Radioactive lon Beam (RIB) facility => enhance RIB
yields (vs. 1999 data) by factors of 2 to 4 orders of
magnitude (FP5)

« Phase 2: Design Study (2005 - 2009) address the main
technological challenges leading to a full engineering
design (FP6)

« Phase 3: Full Engineering Design (3y)
« Phase 4: Construction of the facility (> 2012)
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EUISOL
EURISOL facility layout Desiic Study
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EUI:SOL
EURISOL Target Stations Desic Study

100 kW direct targets MMW converter target

RIB production: RIB production:

= Spallation-evaporation = Fission
= Main: P-rich = N-rich
(10 to 15 elements = Wide range

below target material)
= Residues: N-rich
(A few elements

Z=10to Z=60

Target material:

below target material) = U (baseline)
*Th
Target materials:
» Oxides Converter:
= Carbides = Hg
» Metal foils

= Liquid metals
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EUIERSOIL
Desiigq Sitwuey
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EURISOL
EURISOL-DS Target Challenges Design Situdy

7

EURISOL shall deliver RIB’s 3 orders of magnitude higher intensity than in
presently operating facilities.
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EURISOIL

@N Liquid metal Target Desic Situdy

« Remove heat from reaction zone by moving the
target material

 No radiation damage in target material
* Low specific decay heat due to large target mass
 No need for decay heat removal in reaction zone

e Good arguments but....

« L. need to be proven at these Powers!
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EIUESOIL

@ The Choice of Hg as a Target Desiic Sty

Mercury has the highest density of all heavy liquid metals and
hence produces the brightest neutron source

Mercury is liquid at room temperature and hence needs
no auxiliary heating

Mercury produces practically no alpha-emitters with any
sizable life time

Hg purification
Hg disposal in the form of a stable solid amalgam

- LBE (Lead Bismuth Eutectic) might be an other option
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EUIEISOIL
Target initial design Desiic Study

i

A proof-of-principle test of a target station suitable
for a v-Factory or x- Collider source

PS extracted proton beam of 14(24)-GeV, incident on vabo é
a free mercury jet target located inside a 15-T vt Vet ge |
capture solenoid magnet. ' '

___Initial RTD proposal

_,_..___---—l_—-"‘ .
= Proton-Beammn T
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EUIER]ISOIL

@ Target initial design Desin Study

Initial RTD proposal:
» Complexity and reliability issue
» Need of an active beam dump
» Small beam size inducing high Power density

» High leakage of particles (Shielding issue, Thermal load on
nearby structures)

» Need of a solenoid 15T (cryogenics, compromising the use of
fission target close to neutron source)
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A Multi-MW Liquid Hg Target

Compact Hg-loop with beam widow and Confined transverse film windowless

—| Liguid Metal target Beam Tube
Window
Proton Beam
l Low vacuum | High vacuum I

Containment

Beam Tube

Proton Beam

EU

I.._LI
]

SOL
Deslie Sitwely

Beam
diameter
Units
Gaussian beam 15 25
geometry mm | mm
Beam power 4 N5
P (continuous)
Beam particle energy 1 GeV
Beam current 4 mA
primary/cm?2/s/

Beam escapes 2x108 MW of beam
Estimated peak 261 | 180 | °C
temperature in the liquid
Estimated peak
temperature in the 260 | 258 | °C
window
Maximum velocity 6 m/s
Maximum loss of 5 b
pressure
Peak power density in kW/cm3MW of

1.8 | 0.8
the Mercury beam
Peak power density in kW/cm3MW of

: 09 | 03
the window beam
Beam power deposition MW/cm3MW of
. 23 | 2.3
in the Mercury beam
_Estlmat(_ed Stress level <140 | <110 | MPa
in the window
13
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EISOIL
@: Presentation outline Deshei Stwey

.  The EURISOL Project
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EURISOL
2D CFD & Structural Besic Siudy

A Analysis

The CGS (Coaxial Guided Stream) design Ref K. Samec et al. (PSI)

—| Liguid Metal target Beam Tube |
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EIUIEI'SIOIL
3D CFD & Structural Dokt Sinde
Analysis
Ref K. Samec (CERN) et al.
16
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EIUISOQIL
3D CFD & Structural De

Analysis

slueilq ' Situwely

Ref K. Samec (CERN) et al.

Tme = 0 [ s ]

9.4%0 (m)
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EURISOIL

3D CFD & Structural Besiic Situdy

Analysis

Ref K. Samec (CERN) et al.

ANSY:

Time = 0 [ s 1

Absolute| Pressure
(Contour 1)

I 1.60
1.20

0.80

0.03  (m)

0.0075 0.8225
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EURISOIL

@ 3D CFD & Structural Deshe Sty
A Analysis |

Ref K. Samec (CERN) et al.

3D Model — Main results

Broadly same results as in 2D;

» stable flow, no oscillations or large
recirculation zones.,

« cavitation at around P =-2.5 bar.
* Total pressure loss of P = 0.6 bar.
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_ _ EUISOIL
Coaxial Guided Stream Desii Study

A design (CGS)

== PAUL SCHERRER INSTITUT
Basic performances of the target

TM-34-07-05 K.Samec /Design of the EURISOL converter target. — PSI 2007

Parameter symbol value unit
Ligpuid cormpound Ha 13.5 kail
Flow rate b 172 kgls Ab.13 IIs
Entrance temperature Ta <60 C
E:at teraperature Tem < 180 C
Podions =150

4MW thermal power Pressure drop aF =3 o

Static pressue Fq =5 EL
Beam, 4MW) | v=2.2 mls
Flow reverser| | Re=490000
Beam entrance window
I.'I Frame Liquid metal hull | Guide tube | | V:4 Blszfs
Re=870000
v=4.5 m/s
'(*g,i,';ﬁ;; Re=1900000
Paul Scherrer Institut - 5232 Villigen PS| PSI. EURISOL converter target. Hg test preparation. Technical meeting. PSI February 7 2008 DS34
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Liquid Hg Loop for tests of target EUIEISOIL
mock-ups and other components Deslig Situely

Existing Hg — loop in Institute of
Physics) parameters of EMP
p=4 bars; O~12l/s

e,

|

1 — test section; 2 — Hg loop DN100; 3 — heat
exchanger; 4 — flowmeter;

5 — supply tank; 6 —level meter; 7 — electromagnetic
pump; 8 — heat exchanger;

9 — vacuum pump; 10 — argon vessel; M1...M3 —
pressure meter; P — vacuum

gauge; T1...T4 — thermocouple; V1...V6 — valve; VF

— dosing valve; ; 7
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EURSOIL
Liquid Hg Loop at IPUL Deslig Sitwely

11 PANI SCHFRRER INSTITHT . .
- Manometer for cover gas pressure measurements in the expension tank - 4l

Hg level detectors (HH and LL) |

Acceleration sensors, interface flange |

vibration parameters measurements loss measurements in the mock-up

Laser, CERN — [L , : o — S

1
H Thermocouple, the mock-up outlet

Thermccouple

|

US sensor FLD22 for '
VoK PR R Thermocouple, kg temperature
the BEWY Iniet , . in the mock-up inlet
Th I
Strength guages, | — Thermocouple

welding seams ! I
Thermocouple (4 pcs) \r
| .

CIRCUTOR, 3-phase ~

METEX 1. Measuring | ciretondse |
system w

S

Conductive flowmeter for Hg flowrate #
measurements (IPUL), better industrial FLD12
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EUIRISOIL

Experimental Program Desig Stuey
i ey PAUL SCHERRER INSTITUT .
Me rcu r ! Ta rg et Exg e rl m e nt Sergejs Dementjevs (PSI) et al.
METEX 1: METEX 2.1;
Hydraulic Hg test of the meock- Record and analysis of "cavitations
up with the purpese {o check neise” with use of acoustic orfand high
workability and regime of the  [™>] fraquency pressure sensors in —
target opsration under closs to collaboration with the Fachhochschuls;
nominal Hg flowrate: pressure preparation ongeing, ab 3 months,
loss, vibrations, cavitations, 2okCHF

velocity distribution in the BEW *

inlet; stress in the welding
geame. session 1 - without the
blades; sesslen 2 - with the
blades

=y 23
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7

METEX experiment

11 L/s reached (~150kg/s)

Acceptable vibration behaviour of

the target

Power Spectral Density of the
.-horizontal” acceleration sensor signal

Peak from
=eo] the pump is
el at100Hz

i w“w
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the BEW mock-up

To be published:

Rade Milenkovich (PSI) et al.
Laure blumenfeld (CEA Saclay / CERN)

OP-Cub-alt 3t 100HE Qu=10.92 i
LES-Poln: E4P) Qesl L2 Wy

B raf preasaredecyt He

EURISOIL

Desligy Sitely

Pressure sensor at the window

Acceleration sensors fixed on
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EUERISOL
Cavitation detection Deshuei fS'*’f'ﬂvdi.:f

7

The incident Laser
signal is reflected
by the surface of
the vibrating object

Laser Doppler Vibrometers operate on the Doppler principle,
measuring back-scattered laser light from a vibrating structure, to
determine its vibrational velocity and displacement.

During the METEX experiment the LDV
was used to measured the velocity of the
wall at the window of the CGS (Coaxial
Guided Stream) target design.

The objective was to detect the
occurrences of cavitations.

The signal is then
compared  through
the interferometer

Though the Doppler
phenomena the
velocity vibration is
determined

Praten

»

4MW thermal power

The output signal is
then recorded in the

time space.
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Cyril Kharoua (CERN) et al.
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EURISOIL

Cavitation detection Desiin Sty

CFD simulation and prediction of cavitations zone

Welocity
4_.B7
A1.32

J.2¢

2.82
2. 44
1 8%
T4
o.ar
o a9

o.oo
A1)

Laser
point

=

Cavitation Bubble implosion and
pressure wave propagation
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Contowr 1}

Arossure
(Cantoue 13

a.85

Cavitation
Zone

o.71

o =7

krar ]

Velocity Distribution - Pressure Distribution

The CFD predictions performed with
ANSYS CFX show a zone of high pressure
drop at the turn.

The bubbles created in this region are
collapsing right after and creating pressure
waves.

The waves are travelling toward the window
where the laser measures the velocity
vibration of the wall.
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EUIRISOIL

Cavitation detection

Desigi Situdy

/’ P .

- Experimental measurement: attempt to detect cavitation .
£ s i
H [

o N :
b ] 0 " @ ] @
Toe I}

f:_ | |This measurement shows the evolution over time =

= n | |l65 seconds] of the wall velocity, At t0 it was = i L

=l o 7 |expected to have very little cavitation occurrences. & Y i

- | |Owver the 65 sec the temperature increased by =

- i T ¥ ¥ ' 7 . . b - - - -

: < | 0.5°C. Static pressure and flowrates remained 2
: constant. .
Phase diagram ] .
- . = ff -
Time evolution of the Wiaoow wall vzlocity and me assoclaied E L: i Time ewdutior of the Window wall velocity and the associated
frequency spectrum for the first 10 seconds -4 salid phase | canpressible | . frequency spectrum for the last 10 secands
a ! sk : supersritical fluid
i
‘l_t'f.-- . . -.\"\.\- oy al Aol ] .i I O ——— .f/'.—-. ) - R ~
Implosicn time . b ] eriical point [~ Measurement of hydraulic parameters
il sy gl s et ulmuﬁ—hx—u--l.._hn- *: phase Termperanre evebution
i =7 trigle pomt | o relte i 2! e ———
], — - p, e | i Apertmiad vpsur S ——
e S . gaveaus phise s —
Y - eritieal = — S
- (s e - temprratare ::
. -H.._._-_.a_ Ty T - - - - -
—— At ——— Tenperature Pressune evolutier
Implosion Rayleigh time:
s - — B
o) | . s T LR The pressure limit between the liquid and the solid — —

_ \ ~ /| |phase rises when the temperature increases. . "“']"“ i .
A\ [ Bubbies between 10pm to 100um l The cavitation threshold is then lower as the static N
F.._ \\E_ I ____// pressure and the flow pattern are kept constant. \‘x,_ . - __,// ra

N i 27

_—

EnrwzeanYpd e nsie

P T—.
Scandinavia

Cyril. Kharoua@esss.se / Workshop on Applications of High Intensity Proton Accelerators October 19-21, 2009 Ferm

National Accelerator Laboratory, Batavia, IL, USA



@V Conclusion on the CGS design

EUI[SOIL
Peshg Sty

 The experiment proved the feasiblility of the concept
* A better and stronger design of the blades needs to

be studied

e This design shows some weak points: the stress level
In the window Is rather high and might lead to a short

lifetime
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EISOIL
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EU

RISOIL

An innovative target design Deslie Sitwely
A The Windowless Transverse Film design (WTF) )
Low vacuum High vacuum — 2
Containment f 204 — Hglet
Eo 15-
Beam Tube §»
Proton Beam ?0_
" A

T T T T T
-15 -10 -5 0 5 10 15 20 25 30
Distance along the hg target axis (cm)

The CGS design remain sensitive to the structural weakness linked with the window:

- Thermal stresses due to the high deposition in the window

- Pitting damage induced by possible cavitation

—>These factor can drastically reduce the window life time

Therefore it was proposed to study another type of design, so called windowless.
The objective is to have the beam interacting directly with the spallation target material by the mean of a Free
surface of liquid metal.
It is also possible to design the target more compact and to reduce the beam size.
This design is called the Windowless Transverse Film design.

Initial design iteragi&n
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EU L
Experiments of Hg Transverse film Desiig !S.'tmpdl_y
A on InGaSn Loop : Inlet Design )

Erik Platacis et al. (IPUL, Riga)

Modules of
Transverse transverse nGas | f
ilm nGaSn test loop of transverse
Hg fil film injectors Test chambers P

film target module

P=3 bar; Q~1.51/s

a — with rectangular cell inner structure
b — with round cell inner structure
c — with parallel separator inner structure

-y 31
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EUIRISOIL
Experiments of Hg Transverse film Desicp Situely
A on InGaSn Loop : Inlet Design -

Erik Platacis et al. (IPUL, Riga) /

a) primetple scheme b) head of transverse Alm injector

Fig.19
Experimental umt of transverss film mjsctor
| -inlst tube; 2-transverse film foamer; 3- hguid metal distributor; 4- flowmeter:;
5- supply tank; &- outlet tube.

~ 32
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EURISOL
@ WTF converter Pesiign Study
‘ CFD analysis ,_ —

Largest power deposition occurs in the first 10 cm
after the impact point for a 2mm ¢ beam:
=>»maximum value of ~80 kW/cm3>/MW of beam
power at ~0.5 cm from the impact point.

=» Once the proton range is reached, the power
densities drop sharply, to values below 500
W/ecm3/MW of beam.

: 33
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7

The maximum energy
deposition calculated in the
target is 0.08 GeV/ cm3/proton
which is equivalent to 80kW/
cm3/MW of beam.

So in the case of a 4 MW
beam, the peak power density
corresponds to 320kW/cm3.
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WTF converter
CFD analysis

Power density (W/cm3

350000

300000

250000

200000

150000

100000

50000

Power density along the beam axis at
different distance from the beam axis center

EURISOIL

Desiicy Stuely

On the beam

axis (R=0) I

e At R=2.25mm

e At R=4.25mm

e At R=10.25mm ||

\
\
N\

5 10 15 20 25 30

Target axis (cm)

National Accelerator Laboratory, Batavia, IL, USA

35 40 45
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EUERISOIL
WTF converter Desiic Study

A CFD analysis _—

m—.l

0,1

Power density (GeV/cm3/primary) in a Hg target
for a 1 GeV proton beam.

Energy deposition (Gell/ce/protan)

0 0.045 9.090 {m)
1

Temperature distribution in the Mercury

o flowing at 0.5m/s ° flowing at 5m/s

“ Temperature distribution in the Mercury 1"

i=]

Need of 5m/s but not all the way along the beam
The target will be splited in 3 sections

: 35
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WTF converter Deslicy Study

CFD analysis
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WTF co nvert_er Dol Study
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WTF converter Desic Sty
Experience

. .:‘ - ‘1

Collector and Nozzle test banch

Movie on section 1 and 2
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@ Conclusion on the WTF Desiic Study

design

sConsiderable efforts were put into the design of
the Inlet nozzle

More efforts have to be made on:
* The measurement to characterize the
Integrity of the “curtain”
*The overall design of the target
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@ The MMW target station Design Study

Integration

—->The EURISOL MMW target iIs made to
provide an intense flux of neutron ... but the
alm of the station Is to produce Iintense
Radioactive lon Beam (RIB) though Fission
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@ Summary and Outlook Desic Study

A conceptual lay-out of the target station with all target positions and
services has been achieved

* Detailed neutronic and release studies have been carried out for different
combinations of moderators and fission target composition

 R&D effort are still required on the target development for both design
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Desliey Sitwely

Thank you for your attention...
Thank you to all contributors
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