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In a few words 

Modelling 

Objective 

Get the role of the thermo-mechanical fields on hydrogen 

diffusion and retention in ITER divertor monoblocks 

 

 

Method 

3D finite element simulations  

→ Abaqus software + User subroutines 

 

 

Main results 

• Estimation of H retention in divertor monoblocks (10 mg) 

• Estimation of the H permeated to the cooling pipes 

• Estimation of the impact of the operation cycles 

Pitts et al.. (2017). Nuclear Materials and 

Energy, 12, 60-74. 
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Abstract. The Divertor and the Blanket System directly face the thermonuclear plasma and cover an area of 

about 850 m2. The main function of the divertor is minimizing the helium and impurity content in the plasma. 

The main functions of the blanket system are: (1) to exhaust most of the plasma thermal power, (2) to contribute 

in providing neutron shielding to superconducting coils and (3) to provide limiting surfaces that define the 

plasma boundary during startup and shutdown. The development of suitable technologies for the Divertor and 

Blanket power handling of the stationary thermal loads has required an unprecedented R&D effort by all the 

concerned Domestic Agencies over the last two decades. This paper summarizes the status of their design and 

procurement, the related R&D and technology qualification effort, and gives an outline of the concerned 

schedule.  

 

1. Introduction 
 

The ITER Project is an international effort aimed at demonstrating the scientific and 

technological feasibility of nuclear fusion energy.  The fusion reactions occur within the 

volume of the ITER vacuum vessel, which contains the thermonuclear plasma. One of the 

most technically challenging components of the ITER machine are plasma-facing components 

(PFCs), which directly face the thermonuclear plasma and cover an area of about 850 m
2
. 

They include the Divertor and the Blanket (see Fig. 1). The PFCs consist of a plasma facing 

material (the “armour”) mounted onto a heat sink and supported by a structural/shielding 

material. The total thermal power, which is deposited onto the PFCs, can reach a value of 850 

MW and is removed by pressurized water. The development of suitable technologies for the 

power handling of the stationary thermal loads has required an unprecedented R&D effort by 

all the concerned ITER Parties over the last two decades. 

 
FIG. 1. ITER Plasma-Facing Components. 

Merola et al. (2010). No. IAEA-CN--180. 
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Loading scenario 

• (intrinsic): 0.87/1 eV ; 6.95 1016/3.16 1016mm-3 

• (created by plastic strain): 0.87 eV 

0.85 eV ; 1.30 1015 mm-3 

* H stored in W, near the W/Cu interface 

* Estimation of  total H for all divertor monoblocks 

(assuming same exposure conditions) : 10 mg 

* eth mismatches at bi-material interfaces → plastic strain 

* T gradient & plastic strain → stress field (PH) 

*  0.3% of H remained mainly in the half upper part of W 

*  47% of H passed towards cooling pipe 

*  No impact of the maintenance phase on remaining amount of H  
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Terentyev D et al. (2015). Journal of 
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