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Introduction : 

• The “Target conceptual design” is part of 
WP6 (Studies for ISOL Target & Front-End upgrades) 
ESR9 (Target conceptual design) 
 

• This WP was held by CATHI fellow Serena 
Cimmino (from February 2012 up to June 2014) 
 

• Supervisor: Stefano Marzari (EN-STI-RBS) 



Introduction : 

• Isolde Target… Isolde Target 

Isolde Front End 

Heat generated by proton energy deposition ~500W 
Heat generated by ohmic heating ~2500W 

Water cooled 90% 

Protons from 
PS Booster 

Target area 



Introduction : 

• Main areas of improvement: 
 
1. Thermal measurements and calibrations 
2. Target Container (new concept) 
3. Water cooling & Safety 
4. Nuclearisation (rad hardness and recycling) 

Isolde Target 



1. Thermal measurements : 

• Pyrometer calibration 
• Improve our knowledge in thermocouple 
and pyrometer utilisation 
• Organisation of a specific training at LNE (Laboratoire 

National d’Essais) in Paris 
• Collaboration protocol with LNE for future 

developpements 
• Measurement on the pump stand 
• Comparison with ANSYS model 
• Creation of a reference folder 



Our pyrometers calibration @  

Optical pyrometers IR pyrometer dichromatic 

X 



LNE training and future collaboration 

Thermocouples 
& Pyrometers 
calibration Lab 

Calibration cell development for thermocouple correction on-line : 

⇒ Melting point reference of a specific 
metal 

⇒ Has to be miniaturized 
⇒ Collaboration protocol under approval 



Measurements and simulations  

• Start with a simplified case (bare container without 
heat screens) 

• Heating Tests on the Pump Stand 
(measurements with thermocouples and pyrometers) 

• Simulation with ANSYS Workbench and 
comparison 

• Iterations … 
• Model validation 
 

Bare Ta Container 

Pump Stand 



Measurements and simulations  

• Thermo-electrical analysis (and model validation) 

 

        

Comparison with real measurements 

Catia Model 

Geometry 
simplification 

Results 



Creation of a reference folder 

• Folder available for Technicians, Users and 
students… 
• Paper form and in EDMS database 
• Summary of measurement theory 
• Measurement and off-line user guide 
• Material Emissivity data base 
 



2. Container optimization: 

Actual design 

• Un-couple container and 
heating function 

• Uniformise the profile of 
temperature 

• Reduce the aging factors 
• Reduce weight of waste 
• Improve the temperature 
control 



Actual Isolde design 

Heating days 

Contact points 

Screening system efficiency, 
container Temperature 

Tantalum container with 5 layers of thermal insulation 

• Thermal insulation efficiency changes 
• Container material changes characteristics (recrystallization) 
• Target material changes structure 

 
⇒ The electrical resistance of the containers changes during operation 
⇒ The calibration chart T= f(I) is no more reliable ! 

 

I current 



Thermal profile on the target container 

• Reduction of the production efficiency due to the “cold areas” each side of the 
container 
 

I current 

Real temperature profile Ideal temperature profile 



Un-couple container and heating functions 

Ta container 

Graphite heater 

Graphite insulation 

Graphite 
rigid 
connectors 

Graphite 
flexible 
connectors 

• Utilization of graphite pieces 
• Reduction of Tantalum weight 50% 
=> nuclear wastes reduction 

 



Prototype  Thermocouple  

• Insertion of a thermocouple between 
the heater and the container 

=> Direct Temperature measurement 
(without calibration) 

 



The tests are promising…  
• Better temperature profile was measured (but could be improved) 
• Good mechanical stability (strength, dilatations) 
• No increase of the outgassing verified (due to the porous graphite insulation) 

=> Next steps: container profile optimization and on-line tests…. 



3. Water cooling alternatives : 
• Water leaks risks on inside the target 
volume (for cooled transfer lines) 

Weldings 

Brazing !! 

EB welding 

>2000°C target 
container >2000°C ion source 

Elastomers 
EPDM O-rings 

Water circuit 



Risk analysis and tests…  
• A test was done simulating a direct water leak on the Tantalum container 
• Hydrogen production by Tantalum oxidation was measured  

⇒ explosion risk confirmed  

Test bench 

Hydrogen production 
measurement device 

Water leak target 



Proposed solutions 
• Some solutions were studied and discharged : 

 
• Utilization of heat pipes (impossible to integrate into a so small volume) 

 
 
 
 
 
 

 
 
• Modification of the transfer line geometry to optimize the heat flux 

Heat pipe diam.8mm, l=100mm ~60W 
heat removal capacity 
 
=> We need to remove ~750W ! 

Examples of geometry trials 
 
=> Not enough heat transfer capacity 



Best solution… 
• Use the same water cooling principle as the 3 power conductors : 

No more O-rings or welding inside the 
vacuum ! 
 
=> In case of leaks no direct contact 
between water and hot pieces 



Study… 
• Additional 4th cooled finger 

assembled by EB welding 
• Cooled line screwed on it 
• Thermal contact by pressure 

L=158mm L=212mm 

Actual design Proposed design 

=> This solution has still to be 
tested and validated by a prototype 



4. Other Serena’s contributions : 

• Molten salt target (supervised by T.Mendonca) 
 

• Donut neutron converter (supervised by T.Stora) 
 

• Target Nuclearisation (leak of time…) 

 



Molten salt target 
• Thermal issues analysis 
• Author of a Publication in 2013 



“Donut” neutron converter 
• Collaboration with Triumf (CA) 
• Geometry optimization  
• Production analysis with Fluka an thermal analysis with Ansys 

Isolde 
traditional 
converter 

New “Donut” 
converter 



Target nuclearisation 
• Development of a Rad-Hard design (O-ring water and vacuum tightness) 

 
(From CERN Report 4) 
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Target nuclearisation 
• Improve the dismountability with remote handling devices (like tele manipulators 

into the ISOLDE hot cell) 
• If possible, remove to small screws and fittings 
• If possible, integrate the “ITER Remote Handling Code of Practice” (license 

agreement with CERN) 



5. Conclusions : 

• Acknowledgments to Serena for her great 
and useful work during these 2 years and 4 
month fellowship 

• Some studies are not finished and have to 
be tested and optimized (like the graphite 
container, the water cooling and the “donut” converter) 

 
Thanks for your attention !! 
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