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Abstract

A spent fuel problem has prevented the nuclear power from claiming to be a completely clean
energy source. The nuclear transmutation technology to incinerate the long lived radioactive nuclides
and produce energy during the incineration process is believed to be one or the best solutions.

HYPER(HYbrid Power Extraction Reactor)is the accelerator driven transmutation system which is
being developed by KAERI(Korea Atomic Energy Research Institute). Some major feature of HYPER
have been developed and employed. On-power fueling concepts are employed to keep system power
constant with minimum variation of accelerator power. A hollow cylinder-type metal fuel is designed
for the on-line refueling concept. Lead-bismuth(Pb-Bi) is adopted as a coolant and Spallation target
material. HYPER is a subcritical reactor which needs an external neutron source. 1GeV proton beam
is irradiated to Lead-bismuth(Pb-Bi) target inside HYPER, and spallation neutrons are produced. When
proton beams are irradiated, much heat is also deposited in the Pb-Bi target and beam window which
separates Pb-Bi and accelerator vacuum. Therfore, an effective cooling is needed for HYPER target.

In this paper, we performed the thermal-hydraulic analysis of HYPER ftarget using FLUENT code,
and also calculated thermal and mechanical stress of the beam window using ANSYS code.
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Fig. 1 Geometry of HYPER model
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i ) Horizontal plane
if i r< R—(1),
ii) Vertical plane

r > R=0

if depth : 0~10 cm calculated by : (1)

if depth : 10~20 cm calculated by : 0.59x (1)
if depth : 20~30 cm calculated by : 0.31x (1)
if depth : 30~40 cm calculated by : 0.14%x (1)
if depth : 40~50 cm calculated by = 0.07x (1)
if depth : 50~ cm calculated by : 0x(1)

Table 1. Basic parameters of the target area

Parameters Values

Target material Pb/Bi (coolant)

Beam window material 9Cr-2WVTa
Beam Window coolant Pb/Bi
Window thickness 2mm

Window shape spherically curved
(radius 15cm)
9Cr-2WVTa

radius 15 cm, circle

Beam tube material
Beam tube cross-section
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Fig. 3 Geometrical configuration of
HYPER system
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Table 2 Maximum temperature of beam
window (unit : C)

5cm | 10cm | 15cm | 20cm

5 M | 1675 644 431 353

2mA 10 ™5 | 1654 | 634 425 | 349

15 ™ | 1643 | 629 421 347

20 "6 | 1632 | 624 418 | 345

5 M | 3100 | 1038 612 457

anh 10 ™s | 3058 | 1019 600 449

15 ™) 3037 | 1008 | 593 | 444

20 "5 | 3015 998 587 440

5 ™ | 4524 | 1433 793 [ 561

GoA 10 ™6 | 4462 | 1404 775 548

15 ™ | 4430 | 1387 | 764 | 541

20 s | 4397 | 1372 796 536

5% | 4726 | 1827 | 974 | 665

8o 10 ™6 | 4726 | 1788 | 950 | 647

15 ™5 | 4726 | 1766 936 638

20 s | 4726 | 1746 | 925 631 |
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Table 3 Maximum static pressure of beam

window (unit : atm.)

min. max.

5 m/s 156 195

10 m/s 13.27 26.89

15 m/s 9.84 38.8

20 m/s 43 716
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Fig. 5 Maximum Temperature of beam window
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Fig. 6 Mechanical stress analysis
(Beam current ; =6mA , Coolant input velocity : V=5m/s,

Beam diameter ; D=20cm, Beam window thickness ; t=2mm)

Fig. 7 Thermal stress analysis
(Beam current ; I=6mA , Coolant input velocity | V=5m/s,

Beam diameter ; D=20cm, Beam window thickness ; t=2mm)

Fig. 8 Thermal & mechanical stress analysis
(Beam current ; [=6mA , Coolant .input velocity : V=3m/s.

Beam diameter ; D=20cm, Beam window thickness : t=2mm)
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