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Within the framework of EUROfusion R&D activity, a research campaign has been carried out at the 
University of Palermo, in close cooperation with ENEA labs, in order to preliminary design the top cap foreseen 
for the DEMO Water-Cooled Lithium Lead (WCLL) breeding blanket segments. Due to the high heat and 
pressure loads acting on such component, its design results particularly demanding and a specific multi-physics 
approach is needed, covering several aspects from design to thermal-hydraulic and structural assessments. 
Preliminary detailed CAD model of the cap integrated into the upper region of the WCLL breeding blanket 
outboard central segment has been set-up, equipped with proper cooling circuits as well as manifold and 
attachment systems according to the design of the equatorial elementary cell. An detailed numerical model has 
been set-up with the aim of simulating both the thermal-hydraulic and thermo-mechanical behaviour of the 
above-mentioned system. A thermal-hydraulic assessment has been performed to investigate the cooling system 
performances, verifying the effectively extraction of nuclear heat power herein deposited while complying with 
the prescribed thermal-hydraulic requirements (outlet temperature, pressure drop, etc.). Finally, the thermo-
mechanical response of the upper breeding blanket region has been evaluated in terms of stress and temperature 
distributions, verifying that the structural material maximum temperature stays below its limit value and that 
structural integrity is ensured by means of the fulfilment of design rules reported in RCC-MRx structural design 
code. 
Keywords: DEMO; WCLL, breeding blanket, multi-physics, cap.  

 
1. Introduction 

Within the framework of DEMO R&D activities 
envisaged by the EUROfusion action [1-4], the 
University of Palermo is involved in the thermo-
mechanical design of the Water Cooled Lithium Lead 
Breeding Blanket (WCLL BB) concept, candidate as 
driver blanket for the EU-DEMO fusion reactor. 

The WCLL BB is articulated into 16 toroidal sectors, 
each one occupied by three outboard and two inboard 
segments. For each segment, two different architectures 
have been developed: the Multi Module Segmentation 
(MMS) and the Single Module Segmentation (SMS). 
This latter, characterized by a poloidal stack of 
elementary toroidal-radial cells, guarantees enhanced 
thermo-mechanical performances with respect to the 
MMS one, increases tritium production and permits a 
better breeder drainage and helium extraction [5].  

The WCLL BB Outboard Central (OBC) segment, 
endowed with the manifold layout conceived by 
ESTEYCO [6], is composed of an EUROFER Segment 
Box (SB), articulated in a First Wall (FW) and two Side 
Walls (SWs) covered by a Top and a Bottom Cap (TC, 
BC), and a Breeder Zone (BZ), where Pb-Li eutectic 
alloy flows allowing tritium production to take place due 
to breeding reactions. 

The SB is structurally reinforced against internal 
loads by a system of Stiffening Plates (SPs) arranged in 
poloidal-radial and toroidal-radial direction, with a 

thickness of 16 mm and 12 mm, respectively. Moreover, 
horizontal baffle plates are alternately located between 
toroidal-radial SPs to route the breeder radial-poloidal-
radial flow without playing any structural role. Sub-
cooled pressurized water under typical PWR conditions 
(150 bar and inlet/outlet temperatures of 295/328°C) is 
foreseen as the coolant.  

The design of a TC preliminary model for this 
blanket concept is one of the most important issue in the 
WCLL BB R&D activities, due to the high heat and 
pressure loads acting on such component. 

A research campaign has been, hence, performed at 
the University of Palermo and, due to the complexity of 
the geometry as well as to the non-uniform heat load 
distribution, a methodology based on a Design-by-
Analysis approach has been followed. In particular, a 
theoretical-numerical approach, based on the Finite 
Element Method (FEM) has been followed and a 
qualified commercial FEM code, ABAQUS v6.14 [8], 
has been adopted. 

To this purpose, FEM model of the WCLL BB top 
cap, equipped with a proper set of Double Walled Tubes 
(DWTs) aimed at BZ cooling and a set of square 
channels intended to refrigerate both FW and caps, has 
been set up and their thermo-mechanical performances 
have been investigated under Normal Operation (NO) 
and Over-Pressurization (OP) steady state loading 
scenarios, the former related to nominal operations and 
the latter to accidental conditions caused by an in-box 
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