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ABSTRACT 

In this paper a design of a divertor cooling finger for a fusion reactor is looked at with 
an aim of reducing the thermo-mechanical stresses. The purpose of a divertor in a fusion 
reactor is to reduce the dilution of the plasma by removing alpha particles, helium and other 
impurities. In addition, this component has to remove approximately 15% of the total thermal 
power of the fusion reactor. The divertor is therefore exposed to a significant thermal load, 
and during the operation it has to be actively cooled, which can be done using helium. 
However, the high thermal gradients also result in undesired local stress concentrations. In 
this work a cooling finger assembly is analysed. The assembly includes the brazing layer that 
provides bonding between the thimble and the tile, the two main parts of the cooling finger. In 
nearly all numerical thermo-mechanical analyses on cooling finger designs described in the 
literature, the brazing layer is usually neglected in the modelling process. The studied design 
changes for decreasing thermo-mechanical stresses and increasing the flexibility of the tile 
itself, involve circumferential vertical notches in the tile. A thimble notch design option is 
also proposed. Three different notch designs are presented and parametric studies are 
performed to assess the influence of their locations, depths and widths on the stress levels of 
the thimble.    

1 INTRODUCTION 

The study of divertor components in the DEMO fusion reactor is of great importance 
and it’s receiving growing attention, since the main purpose is the removal of alpha particles, 
helium and other impurities from the plasma stream, resulting from the fusion reaction. As a 
consequence, these components have to withstand a heat flux load of at least 10MW/m2, a 
pressure of 10MPa and high helium temperatures (634°C). In on-going conceptual studies, for 
the coming fusion reactors, helium cooling and a modular design are seen as the best design 
options. In a modular design the surfaces directly in contact with the plasma flow are 
composed of several small modules-the cooling fingers. This design has the advantage of 
lower thermal stresses compared to a plate design [1]. Each cooling finger is constituted of 
three main parts: the tile, the thimble and the brazing layer, Fig. 1. The design was developed 
at FZK [2,3,4]. 

mailto:camilla.matteoli@ec.europa.eu
mailto:oliver.martin@jrc.nl
mailto:igor.simonovski@ec.europa.eu


1107.2 

 
Figure 1: Divertor assembly (left), cooling finger assembly (middle) and cooling finger design (right) for the 

DEMO fusion reactor [2] 

The tile is the component that is facing the plasma, used as a thermal shield, and is 
made out of tungsten. It is brazed on the thimble through a layer that lies between these two 
main parts of the finger assembly. The thimble is a finger like structure and is made of the 
tungsten-lanthanum alloy WL10 (W-1%La2O3). The tiles have been designed separately from 
the thimbles in order to avoid the crack growth at the contact surface.  

Experiments on different mock-ups for the cooling finger design [5] have revealed a 
number of failures such as melting of brazing layer, de-bonding of components and cracking 
in the tile and the thimble, induced by thermal stresses. In order to avoid this multiple failures, 
stringent temperature and stress limits have been formulated, to ensure the long-term 
functioning of the cooling finger assembly [2]. After the experimental campaign, the loading 
conditions to which the divertor cooling finger is subjected to, have been investigated in detail 
to further optimize the cooling finger design, via computational analyses [7] with the aim of 
further reducing thermal stresses. 

The performed computational analyses were thermo-mechanical finite element (FE) 
analyses to predict the temperature and stress distribution inside the cooling finger 
components. In the present work, design modifications of the cooling finger based on the 
design by Gervash et al. [5], used even by Martin [7] in a recent design optimization study, 
are proposed with the potential of further reducing thermo-mechanical stresses. 

The reference design is as follows, Fig. 2: the tile has a hexagonal shape and the 
distance between two opposite, parallel faces is 17.8 mm; the total height is 12 mm. The inner 
part of the tile has an axisymmetric cavity that acts as housing for the thimble, which has also 
an axisymmetric shape. In the Gervash design the brazing layer is considered to be 0.05mm 
thick. It has to be emphasized that in most of the previous FE analyses the brazing layer was 
neglected because of its small thickness. Nevertheless, it has a thermal conductivity and 
thermal expansion that should have an influence on the temperature and stress distribution in 
the cooling finger. The materials of the two main components of the cooling finger, tungsten 
and WL10 alloy, feature high thermal conductivity, high elasticity and high strength at high 
temperatures. 
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Figure 2: Reference design of the cooling finger 

The present paper presents two new cooling finger configurations. On the basis of the 
best heat transfer coefficients, evaluated with a CFD analysis by Končar et al. [6], used as the 
boundary conditions at the interface between the cooling finger structure and the cooling 
helium, the cooling finger has been modelled with new design changes and a mechanical 
study has been developed. 

2 SETUP OF FE MODEL 

The FE models of the cooling finger assembly were created with ABAQUS/CAE [8] 
and the simulation package MATLAB, using scripts. The computational analyses were 
performed with the FE solver ABAQUS/Standard [8]. The symmetry of the cooling finger has 
made it possible to model only one sixth of the structure, thus reducing the computational 
time. All generated FE models are made up entirely of quadratic tetrahedron elements, the 10-
node C3D10MT ABAQUS element, to allow the generation of a complete mesh. The FE 
model used and displayed in Figure 2 contains a brazing layer of 0.05mm thickness, which 
can be changed in the generating scripts.   

The boundary conditions applied are the following: 

• 10MW/m2 heat flux applied on the top surface of the tile, in order to simulate the 
heat received from the plasma flow; 

• 17MW/m3 body heat flux applied to all the elements of the model, to take in account 
the heat generated inside the cooling finger due to the irradiation; 

• Initial temperature of the cooling finger set to 50°C; 
• 10MPa helium cooling pressure, applied on the inner surface of the thimble.  
The FE generated model, Fig. 3, has two element layers in the thickness direction of the 

brazing layer; the number of element layers has been decreased compared to Martin’s work 
[7], where five elements were used to precisely determine the influence of the brazing layer.  

This work is taking as a reference case his best results in terms of properties of the layer 
and thickness of the layer itself. The mesh has a global element size of 0.5mm with a locally 
reduced element size of 0.1mm along the brazing layer.  
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Figure 3: Generated FE model of the cooling finger  

2.1 New cooling finger design variants 

The purpose of the last investigations has been to reduce the stresses in the thimble [7]: 
the tile is the stiffest part of the cooling finger and it is subject to the higher thermal expansion. 
Since the tile is constrained to the thimble by the brazing layer, large bending displacements 
are transmitted to the thimble. The thimble also undergoes a considerable thermal gradient 
because the inner surface is cooled by the helium flow and the external surface is connected to 
the layer, which receive a wide amount of heat from the tile. This huge thermal gradient, 
applied to a relatively thin shell, causes a strong bending, with tension peaks in the zones 
directly impacted by the helium jets. 

In the design proposed by Martin the stresses had a peak value of 550MPa, and the 
temperatures of 1700°C for the tile and 1200°C for the thimble were obtained; the main 
objectives of the present work were to: 

• Try to reduce the stresses; 
• Decrease the high bending due to the thermal gradient. 

 The modifications were aiming at making the tile more flexible, in order to decrease 
the bending constraints in the thimble, and hopefully, the stress. 

The chosen designs are the following, Fig. 4: 

• Test5: vertical notch in the tile, starting from the inner surface of the tile itself, so 
in contact with the brazing layer; the position of the notch is close to the area 
where the major stresses are detected in the reference design (the case with no 
design modification), but slightly shifted toward the axis of symmetry.  

• Test6: vertical notch in the tile but less depth and position respect on test5. The 
position is shifted closer to the axis of symmetry. 

• Test8: notch in the thimble, created in correspondence to the region where the 
higher stresses are detected in the reference case.  
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Figure 4: Investigated design variations 

As mentioned above, all three finite element designs have the thickness of the brazing 
layer of 0.05mm, and it’s properties are the same as the thimble. Table 1 summarizes the 
specifications of the chosen geometry changes. 

Table 1: Geometry of the design changes to the reference cooling finger design 
ID Type of notch Depth [mm] Width [mm] 
Test5 Tile side 2.607 1.664 
Test6 Tile side 1.384 2.405 
Test8 Thimble side 0.397 1.461 

 

3 RESULTS 

 

 

 

 

 

 

 

 

 
Figure 5: Reference case (left) compared with Test5 (right) 

 

Fig. 5 shows the Von Mises stresses (top) and the temperatures (bottom) in Test 5, 
compared with the reference case; that is Martin’s best case. The stresses are not increased 
compared to the reference design, there is a slight improvement because the area where the 

Test5 Test6 Test8 



1107.6 

higher stresses are located has a smaller extent respect to the reference case. Also the 
maximum stress is under 500MPa, instead of the 550MPa of the reference design. The 
improvement is due to the increased flexibility in the tile. The temperatures therefore remain 
basically the same. The peak temperature in the thimble is around 1080°C and the tile 
temperature around 1800°C for both cases, see Table 2. A slight improvement has therefore 
been achieved. 

Fig. 6 points out the results of Test6, again in comparison with the reference design. 
The peak stress in the cooling finger of Test6 case (521MPa) is lower compared to the 
reference design, but it has increased respect to Test5. The temperatures have slightly 
increased, reaching 1093°C in the thimble and 1879°C in the tile. The increase in the stresses 
is probably caused by the shape of the notch, which is not as deep as in Test5 and it is also 
wider. 

 

 

 

 

 

 

 

 
Figure 6: Reference case (left) compared with Test6 (right) 

 

Fig. 7 displays the reference case versus Test8: the maximum stress reaches almost 600MPa, 
and the temperatures are slightly increased, but essentially there is no real change. 
Temperatures peaks: tile 1904°C, thimble 1097 °C. 

Test8 shows the creation of a revolved notch in the thimble, on the side in contact with 
the tile and the brazing layer, in order to maintain the same heat transfer coefficients on the 
inner surface of the thimble. It has been evaluated as an interesting option to try to reduce the 
stresses by increasing bending flexibility, by reducing slightly the thickness of the thimble in 
a limited area. In this particular case there is no improvement respect to the reference case. If 
thimble notch width is increased further, a new region with high stresses concentration is 
created at the contact point of tile and thimble. Table 2 summarizes the obtained results.  
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Figure 7: Reference case (left) compared with Test8 (right) 

 
 

Table 2: Stresses in the several geometrical configurations 

ID Notch type Max. 
Temperature 
Tile [°C] 

Max. 
Temperature 
Thimble [°C] 

Max. stress 
[MPa] 

Reference 
design 

-- 1774 1075 547 

Test5 Tile side 1867 1080 497 

Test6 Tile side 1879 1093 521 

Test8 Thimble side 1796 1090 625 

 

4 CONCLUSIONS 

The need to improve the design of the cooling finger of a nuclear fusion reactor has 
been emphasized by several studies; some proposals for the possible new geometry of the 
divertor have been studied, but such research was at the first stage and didn’t bring 
improvements concerning the stresses to which the cooling finger is subject. In this work new 
designs are proposed, introducing circumferential notches in the two components of the 
divertor cooling finger: the tile and the thimble.  

Some of the proposed solutions show a decreased stress in all the structure, and no 
increase in the temperatures. However, the obtained results are not a substantial improvement. 
Nevertheless, the present study has examined several design options, changing the shape, the 
dimensions and the position of the notches, and this work will be useful for future research, 
since it is opening new issues. 
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A promising line of research could be to change the geometry of the inner part of the 
thimble, where the cooling finger is in contact with the helium jet, and consequently to 
execute a new CFX calculation of the heat transfer coefficients at the inner surface. This 
option could lead to better results, since for a thermo-mechanical problem, like the one 
analysed in the present work, a mechanical change in the design is probably making the 
analysis not complete.    
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