
A BULK TUNGSTEN TILE FOR JET:   DERIVATION OF POWER-HANDLING 
PERFORMANCE AND VALIDATION OF THE THERMAL MODEL 

IN THE MARION FACILITY 

Ph. Mertens1, P. Chaumet1, E. Joffrin2, M. Knaup1, G.F. Matthews3, O. Neubauer1, 
D. Nicolai1, V. Riccardo3, V. Tanchuk4, V. Thompson3, U. Samm1 

JET-EFDA, Culham Science Centre, OX14 3DB, Abingdon, UK 
1 IEF-4 (Plasma Physics), Forschungszentrum Jülich, Assoc. EURATOM-FZJ, D-52425 Jülich, Germany 

2 EFDA-JET Close Support Unit, Operation and Enhancements Dpt., Abingdon OX14 3DB, UK 
3 Culham Centre for Fusion Energy, EURATOM-CCFE Association, Abingdon OX14 3DB, UK 

4 SINTEZ Scientific Technical Centre, D.V. Efremov SRIEA, RUS-196641, St Petersburg, Russia 

Corresponding author: ph.mertens@fz-juelich.de 

In the frame of the ITER-like Wall (ILW) for the JET tokamak [1], a divertor row made of 
bulk tungsten material has been developed for the position where the outer strike point is 
located in most of the foreseen plasma configurations [2]. In the absence of active cooling, 
this represents a formidable challenge when one considers the temperature reached by 
tungsten (TW,surf >2000°C) and the vertical gradient ∂T/∂z =5 × 104 K/m. As the development 
is drawing to an end and most components are in production, exposure of actual 1:1 prototypes 
to an ion beam with a power density around 7 MW/m2 on the plasma-facing surface brings 
valuable information. It does not only help in validating the thermal model that was steadily 
developed along with the tungsten tile, but also delivers experimental values to the expected 
performance under tokamak plasma conditions. 
The Global Thermal Model (GTM) predicts temperatures for all components under uniform 
loading [3]. It was recently extended to cover the cases where the deposition profiles are 
peaked as expected at the strike point. Additional improvements include detailing of the 
clamping assemblies. The highest estimated tungsten temperatures support a posteriori the 
limit imposed on the energy that can be deposited on the tile within a plasma pulse and 
the different steps proposed for operation:  TW,surf = 1200°C, 1600°C, 2200°C [4]. 

 
Prototype stack of solid tungsten lamellae in the MARION facility before exposure (stack length: 165 mm) 

The dedicated experiments validate the thermal model to a large extent. Advantage is taken of 
the flexibility of the MARION facility in Jülich to expose a prototype tungsten stack under 
shallow angles of incidence (~6°) to a powerful beam of ions and neutrals (>70 MW/m2 on 
axis); this required the installation of a newly designed scraper [5]. Information is derived on 
the tolerable energy deposition (around 60 MJ/m2 for the given stack) and thus on the power 
handling performance of the tungsten assembly. The first campaigns have provided 
temperature values for last design improvements and validation of the GTM by means of 
pyrometers, IR cameras and embedded thermocouples. This is data to confront with material 
limits but also a valuable input to future operating instructions. 
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