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Preliminary engineering design of DONES Target Assembly
P. Arend D. Bernardi, G. BongioVf, P. A. Di Maid, G. Miccich&, F. S. Nitt, M. L. Richius&

®Dipartimento di Energia, Ingegneria dell'Informarnie e Modelli Matematici,
Universita di Palermo, Viale delle Scienze, I-90F28ermo, ITALY
PENEA C.R. Brasimone, I-40032 Camugnano (BO), ITALY

The design of the Demo Oriented NEutron Source (BONis the main objective of the Work Package Early
Neutron Source (WPENS) of EUROfusion Power Plantsigis and Technology (PPPT) programme. DONES is an
IFMIF-based neutron source with the goal of tesing qualifying candidate materials to be used EMD and
future fusion power plants.

In the framework of these activities, a researahpgaign has been carried out at the University dérra, in
close cooperation with ENEA labs, in order to assbe thermomechanical performances of the DONIEfta
system, endowed with an integrated Target Asselfithy when it undergoes the thermomechanical logpgal
of its nominal operating scenario. The effects gk Behaviour of two possible different configuratiofor the
accelerator beam foot-print have been investigatedsidering an entire (20x5 cm?) or a halved (16xB) beam
foot-print area with respect to that of IFMIF.

The study has been carried out following a thecaétiumerical approach, based on the Finite Eleriisthod
(FEM), and adopting the qualified ABAQUS v. 6.14woercial FEM code.

The obtained thermomechanical results have beessess in order to check whether the BP deformdiedah
is such to prevent the contact of the BP itselhwiite High Flux Test Module, as well as to vertigit compliance
with the design criteria foreseen for the strudtunaterial. To this purpose, a stress linearizapoocedure has
been performed along the most critical paths latatéhin the BP, in order to check the fulfilmenrttbe rules
prescribed by the ITER structural design code SBCTlhe obtained results are herewith presentedcetidally
discussed.
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1. Introduction (DEIM) of the University of Palermo, that is fromrlg-
A . . time involved in the research activities on IFMIRda
The availability of an intense neutron flux is HoNES [3-8], in order to investigate the
mandatory for the development, test and qualittadf o momechanical performances of the DONES TA

materials candidate to be used as structural men \han it undergoes the loads and boundary conditions
future fusion nuclear reactors. To this purposes th typical of the nominal operating scenario
international community has decided to develop the '

International Fusion Irradiation Materials Facility The study has been conducted adopting a theoretical
(IFMIF), an intense neutron source able to prodace numerical approach and using the quoted Finite Efgm
neutron flux of ~1& n-m? s* [1]. Method (FEM) code Abaqus v.6-14.

It is in the framework of these activities that the ~ The obtained results are herewith reported and
Work Package (WP) Early Neutron Source (ENS) of the critically discussed.
EUROfusion action finds its place [2]. The main
objective of this WP is the development of the Demo 2. DONES target system
Oriented NEutron Source (DONES), a deuteron-driven  The DONES target system (Fig. 1) is that group of
neutron source, where a 125 mA deuterof) (fn beam  components deputed to circulate the lithium inside
at the energy of 40 MeV will strike a lithium flomg Test Cell (TC) and host the interactions betwees th
film in order to generate an intense neutron flux. deuteron beam and the lithium jet. This latter fiorc
will be addressed to the Target Assembly (TA) that
represents, for this reason, the core of the whaniget
system. Moreover, the target system takes into watco
the lithium inlet and outlet pipes, the TA support
structure, the beam duct and the Quench Tank (QT).

Among the different R&D activities nowadays on-
going on DONES, the design of the Target Assembly
(TA) plays a key-role, since this component wilshthe
lithium flow and the interaction with deuteronsidtthen
fundamental to assess the thermomechanical behaviou
of the DONES TA, in order to assure that the thérma The TA, composed of the inlet and outlet nozzles, t
stress and displacement fields arising within it ref target chamber and the back-plate, is entirely mafde
lead the TA to the structural crisis. EUROFER steel, is welded to the lithium inlet paed

A campaign of thermomechanical analyses has beenIt is supported by the target chamber arms layinghe

therefore launched at the Department of Energy,SUpport structure, directly fixed to the groundrhgans

. . . . of a proper bolt system. Both the target chambdrtha
Mathematical Models and Information engineering outleliJ n(r))zzle areyconnected with theg beam ductthad
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QT, respectively, by means of bellows. Concernimg t which may cause interferences with the High FlustTe
lithium inlet pipe, it can be divided in two reg®n Module (HFTM) or generate an excessive misalignment
connected by means of a Fast Disconnecting Systenbetween the deuteron beam and lithium foot-pritite T
(FDS). The former, represented in yellow in Fig.id, influence of an alternative foot-print section ohet
made of EUROFER steel and will be removed with the DONES TA thermomechanical performances has been
TA, whereas the latter, coloured in green, is mafle assessed as well and a stress linearization procédis
AISI 316L steel and it will not be replaced duritige been performed along some particularly loaded paths
TA maintenance and/or replacement operations. order to check the fulfilment of the SDC-IC design

criteria [9].
3.1 FEM model
’ Inlet nozzle A realistic 3D FEM model of the DONES target
system has been developed. It reproduces the TA
o/ Beam duct Target integrated with its support structure and the entir
3 chamber lithium inlet pipe. The QT with its lithium outlgtipe
x have not been taken into account in the FEM model
Back-Plate since they are connected with the rest of the &trady

means of a bellow that allows mechanical effectshen
TA to be decoupled. Also the FDS connecting the
EUROFER section of the lithium inlet pipe with the
AISI 316L one has not been directly modelled bethne
two flanges considered as tied. Finally, althoubk t
beam duct has not been directly modelled, its therm
mechanical effect on the whole TA has been properly
simulated.

Lithium inlet
pipe

Concerning the lithium, only the flow domain
flowing through the BP and the outlet nozzle hasnbe
directly modelled, even though its thermo-mechdnica
effects on the target system have been properlgntak
into account.

> A 3D mesh consisting of ~500k nodes, connected in
~930k both tetrahedral and hexahedral linear elésnen
(max element size ~1 cm) has been set-up as the bes
Support solution to obtain grid-independent results saving
structure calculation time (Fig. 2).

Lithium outlet
pipe

Figure 1. DONES target system.

This new design of the target system complies with
the last changes made on the DONES design, sutle as
QT located inside the TC, a shorter outlet nozzlerder
to reduce lithium instabilities and a TA endowedhaan
integrated Back-Plate (BP) instead of the replaeeab
bayonet-BP concept adopted until now.

. Figure 2. FEM model - Detail of the TA.
3. Thermomechanical analyses g

Temperature-dependent  material properties  of

The numerical analysis has been aimed at assessing ROFER and AISI 316L steels, as well as lithiunesn
the thermomechanical behaviour of the DONES targety 5y e peen implemented in the FEM model.

system under the steady state nominal operating -
scenario, in order to verify whether its components 3.2 Loads and boundary conditions
might safely withstand the thermomechanical loads i In order to realistically reproduce the DONES

undergoes without incurring in significant deforioas, steady-state nominal operative scenario a set of



thermomechanical interactions,
conditions has been applied to the 3D FEM model.

From the thermal point of view two loading
scenarios, differing in the beam foot-print sizavé
been investigated. In Scenario 1, the 5 MW li2zam
power has been supposed to interact with a foot-pri
area of 20x5 cm? (like in IFMIF), while an halved
section (10x5 cm?) has been taken into accourase of
Scenario 2. Concerning the volumetric density aflear
heat power deposited by neutrons angys, the spatial
distribution calculated in previous studies has nbee
adopted for the TA [10]. A spatial distribution assing
a 1/r2 dependence has been extrapolated for thianfit
inlet pipe and the support structure, since no tiatze
been calculated for them.

A set of boundary conditions taking into account
both radiative and convective heat transfer havenbe
imposed to all un-insulated surfaces of the moé&a.(
3). In particular, radiation towards the inner T@ll at
50 °C and with an emissivity value of 0.3, as vesllthe
natural convection with TC atmosphere (helium @G0
and 5kPa) have been considered, respectively. Mereo
with regards to the BP surfaces facing the HFT Muege
diffusive heat transfer due to the narrow thicknegs
their helium gap has been modelled. It is charasdr

loads and boundary

Finally, the forced convection occurring between
lithium and its wetted surfaces has been simulated
imposing a heat transfer coefficient of 34000 WhH@?2
[13] and a bulk temperature of 250 °C to lithiuntetn
pipe and inlet nozzle surfaces. A contact modeth wie
lithium flow domain, characterized by a thermal
conductance of 34000 W/mz2 °C [13], has been imposed
to BP and outlet nozzle lithium wetted surfaces.

As far as mechanical interactions are concernes, th
contacts between TA and its support structure,
considered as dry lubricated, as well as betwehbiutn
inlet pipe and the Inlet Interface Shield Plug R)$have
been simulated by mechanical contact models envigag
Coulombian friction interactions characterized by a
uniform friction factor of 0.03 and 0.74, respeetiu

Thermal deformations, arising as a consequence of
the thermal expansion tensor and the non-uniform
thermal fields coming from the two thermal loading
scenarios, have been taken into account as well.

A pressure of 5kPa has been applied to all external
surfaces of the model, while a non-uniform disttibio
of internal pressures has been applied onto lithium
wetted surfaces, as calculated in [14].

Concerning mechanical restraints, in order to

by a sink temperature of 50 °C and a heat transfersimulate the effect of the pins devoted to avoigh ga

coefficient calculated as the helium conductivity) (

divided by the gap thickness (d). Finally, radiatio

occurring internally to the TA has been taken into
account as well.

Blue surface

d = variable
h=xd

openings between the TA and its support structure,
displacements along Z direction have been prevetated
nodes highlighted in red in Fig. 4a. Moreover, idey to
properly take into account the mechanical effecthef
system devoted to connect the target chamber to the
beam duct, displacements along Y and Z directidns o
the nodes highlighted in yellow and blue in Fig., 4b
respectively, have been prevented.

Yellow surface

d=2mm
h = 80.8 W/m°C

Figure 3. Target system un-insulated surfaces.

Thermal interactions between components in contact
have been simulated imposing a thermal conductafce
2000 W/mz2 °C [11], whereas the thermal effectshef t
beam duct have been taken into account adoptinthéor
target chamber surface a contact model charactebye
a thermal conductance of 15.8 W/m2 °C [11] andn& si
temperature depending on the temperature of eagé no

Figure 4b

of the flange, purposely calculated by means of a
simplified 1D model [12].

Figure 4. Target chamber constraints.



Finally, all displacements {u u, u,) have been
prevented to nodes laying on bottom surfaces opatip
structure feet and IISP, as well as to nodes ofithi@m
inlet pipe flange (the red circle in Fig. 1), sintey are
supposed to be a fixed point.

3.3 Resaults

Un-coupled steady state analyses have been launche
in order to assess the thermomechanical behaviaheo
DONES TA, equipped with its support structure and
lithium inlet pipe, under two possible nominal ogtang
scenarios.

Temperature [°C]
+3.121e+02
+3.050e+02
+2.979e+02
+2.908¢+02
+2.837¢+02
- +2.766¢+02
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+2.553e+02
+2.482¢+02
+2.411c+02

—~

Scenario 2

Scenario 1 +2.340e+02

+2.269c+02

Results obtained from both the thermal analyses hav

shown that the maximum temperature reached witteén t
structure is always well below the maximum EUROFER
allowable temperature of 550 °C (Fig. 5). In paite,

the maximum temperature of 339.7 °C is predictedeto
reached, for both scenarios, within the TA domain,
correspondence of the lithium channel guides.
Concerning the BP (Fig. 6), a higher temperatuleeva

is predicted in case of Scenario 2 (~310 °C vs0~30),
probably due to the higher volumetric depositedt hea
power within the lithium jet. As far as lithium &tl pipe
and support structure are concerned, a uniform
temperature distribution is foreseen for the former
whereas a maximum temperature value of ~70 °C is
predicted for the latter in both the assessed sime=na

Temperature [°C]

+3.397e+02
+3.156e+02
+2.914e+02
+2.673e+02
+2.431e+02
+2.190e+02
+1.948e+02
+1.707e+02
+1.466e+02
+1.224e+02
+9.828e+01
+7.414e+01
+5.000e+01

Figure 5. Thermal field - Scenario 1.

Figure 6. Thermal field — Detail of the BP.

From the mechanical point of view an acceptable
stress field is generally predicted within the stae in
both scenarios investigated (Fig. 7). Anyway, & tmbe
highlighted that very high von Mises stress valaes
calculated, but uniquely in those regions where too
conservative boundary conditions have been imposed
(i.e. fixed points in correspondence of lithiumeihpipe
and IISP flanges). Focussing the attention on the T
and particularly on its BP, it can be observed thatvon
Mises stress distribution is quite similar to tbatained
in analogous analyses performed on the TA equipped
with the removable bayonet-BP, but von Mises stress
values result to be significantly lower with respéc
those calculated in [8], with maximum stress valoés
~160 MPa in Scenario 1 and ~210 MPa achieved in
Scenario 2 (Fig. 8).

Von Mises stress

[MPa]
+3.000e+02
+2.750e+02
+2.500e+02
+2.250e+02
+2.000e+02
+1.750e+02
+1.500e+02
+1.250e+02
+1.000e+02
+7.500e+01
+5.000e+01
+2.500e+01
+0.000e+00

Figure 7. Von Mises stress field and paths - S¢erzar



_— high values only where conservative boundary
on 1SCS stress .y . .
[MPa] conditions have been applied, while values lowemnth

1193010 200 MPa are predicted almost everywhere. Concerning
- +1.763c+02 . o . .
:iii‘{fiﬁz the stress field arising within BP, Scenario 2 seéobe
+1. c+02 . . .
+1:234c402 the most demanding, since a maximum stress of ~210

+8.813c+01 MPa is predicted. This is confirmed also by the SIGC

+7.051c+01

Scenario
N

2880l design criteria verification, since the criteriogaist

Hhresesol immediate plastic flow localization (the one takiimjo
account thermal stresses) is not fulfilled in thesim
stressed part of the BP.
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