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1. Introduction

For many decades, efforts have been made to reduce
the amount of nuclear wastes. To incinerate the long-
lived radioactive nuclides, an accelerator driven system
(ADS) is considered to be one of the most favorable
solutions [1].

In an ADS, a high energy proton beam is impinged
on a heavy metal target to produce spallation neutrons
which are multiplied in a sub-critical blanket. Therefore,
the spallation target is one of the most important units
in an ADS. One of the key issues in the target design is
how to design an appropriate beam window and a LBE
flow so that the system can sustain thermal and
mechanical loads as well as radiation damage.

In FEurope, intensive research and development
programs are now underway relating to the ADS
technology. To gather practical experience relating to
liquid metal targets, the pilot target MEGAPIE
(MEGAwatt Pilot Experiment) has been designed and
fabricated in Europe [2]. The KAERI is actively
involved in this project, especially in the thermal-
hydraulic design of the target.

The present work is dealing with the thermal
hydraulic analysis of the MEGAPIE target with a beam
wondering. A series of numerical simulations to
consider the consequences of beam wonderings away
from the target axis have been performed using a
computational fluid dynamics (CFD) code. The results
achieved are presented and discussed.

2. Numerical Approach

Figure 1 shows the computational domain of the
MEGAPIE target schematically [3]. Liquid lead-
bismuth eutectic (LBE) is used as target material and as
coolant to remove the heat released in the target. The
LBE is circulated with electromagnetic pumps
downward through the annular gap between both
cylinders. It makes a U-turn at the bottom and flows
upwards through the inner cylinder, called guide tube.
The LBE flow rates of the main and bypass are
37.5kg/s and 2.5kg/s, respectively. The proton beam
current is 1.74mA and the LBE inlet temperature is
230°C.

The present CFD analysis is made using the CFX 4.4
code [4]. In the present analysis, all the cases use the
standard k-g¢ turbulence model to predict the turbulent
flow characteristics, and the logarithmic law-of-the-
wall to predict the near- the-wall characteristics.

\\
?;

2150

490

=
in

i) 45
g S b v

Figure 1. The computational domain of the MEGAPIE
target (unit: mm).

Six cases are envisaged, for an assumed beam offset
of 2mm along and perpendicular to the bypass flow,
and at 45° to it, as shown in Figure 2. Case 1 is the
normal operating conditions.
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Figure 2. Matrix of beam offset cases considered.
3. CFD Results

Figure 3 shows the temperature distribution in the
target under the normal operating conditions (Case 1).



Table 1 shows the major calculated peak temperatures

for all the cases.

Table 1. Peak temperatures in the target with the beam offset variations

Case No. Case 1 Case2 | Case3 | Case4 | Case5 Case 6
Max. LBE temperature (C) 424.64 425.26 423.90 425.82 426.52 424.97
Max. window temperature (C) 371.00 372.03 370.19 371.89 373.03 371.04
Max. hull temperature (C) 301.99 307.76 296.73 308.63 315.22 302.62
Max. guide tube temperature (C) 369.64 37247 367.10 372.80 375.46 370.37
Max. temperature in instrument rod (C) 388.73 389.27 388.12 389.83 390.37 389.21
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Figure 3. Temperature distributions in the target under the
normal operating conditions (Case 1).
The results of the calculations show that the
maximum window temperature in all cases is kept
below the design value of 400 C.
Figure 4 shows the temperature distribution at the
7z=0.15m in all the cases. It shows that the hot
temperature region is shifted according to the change of (e) Case 5 (f) Case 6

the location of the beam center.
4. Conclusions

The present results confirm the stability of the
cooling arrangement, the robustness of the lower target
configuration, and the relative insensitivity to
parametric variations. The maximum temperatures over
the window are varied by +2°C only, by up to 13°C
elsewhere on the hull, and by 15°C within the LBE
itself.
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Figure 4. Temperature distributions at the z=0.15m.
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