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Abstract

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). Lead-bismuth(Pb-Bi) is
adopted as a coolant and spallation target material. In this paper, we performed the thermal-hydraulic analysis of HYPER target
using the commercial code FLUENT, and also calculated thermal and mechanical stress of the beam window using the
commercial code ANSYS. It is found that there is an optimum value for the window diameter and the maximum allowable
beam current can be increased to 17.3 mA for the inner diameter of windows, 40 cm. Finally, the other shapes such as uniform
or scanned beam were considered. The results of FLUENT calculations show that the uniform type is preferable to the other
shapes of the beam in terms of the window and target cooling and the maximum window temperature is lower than that of the

parabolic beam by 58 C for the beam current, 13 mA.
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I : Proton beam current (mA), R : Proton beam radius (cm)
r : Distance from beam center point (cm)
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Fig. 1 Geometry of HYPER model
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Table 1 The constant of heat generation

Laver Ci Cy Cs
Windows 2mm 2.20 23.6 1.94
Pb-Bi 0-2cm 2.56 25.9 2.48
2-4 cm 2.53 24.7 2.39

4-6 cm 2.40 235 2.29

6-8 cm 2.27 21.8 2.09
8-10 cm 2.09 20.0 1.88
10-20 cm 1.59 15.1 1.37
20-30 cm 0.93 8.3 0.73
30-40 cm 0.51 5.0 0.35
40-50 cm 0.28 29 0.15
50-60 cm 0.14 1.2 0.06
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Table 2 Basic parameters of the target area

Parameter Value
Target material Pb-Bi (coolant)
Beam window material 9Cr-2WVTa
Beam window coolant Pb-Bi
Window thickness 2 mm

Spherically curved
(radius 20 cm)
9Cr-2WVTa
radius 20 cm, circle

Window shape

Beam tube material
Beam tube cross-section
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Fig. 2 Geometrical configuration of HYPER system
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Fig. 3 Temperature distribution of axial distance
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Fig. 4 Temperature distribution of radial distance

duigkel g&& 9l uEFHe] A I Sotu)iE
HYPERIA ¥1&e] gH/7%9 %%&‘1— AA9] Fagh Qlzlojrk
91 @01 9Cr-2WVTass 600 Coldtell Al WA dAl ARE: 7}
s, M7 RS 9 e WZhAlE ARSEE Ph-Bitz 500
Colatell Al AsA AR 7bsich W3 ks 98 &
FolA aefEoZ) ofg] WHE F Pb-Bi YT HE FVRE ‘?l
ol Yo Wtk oS mxA] K, o= -
of EAsh= GAH Fito] Ho xHo] +2H0}7] ‘qif'rc’]‘jr.
We] g8 WS s HH gigkew T
ro] A V1] 298 aEsie] Ha G AEE HA
AR FF “7% Arve] gt Jdo s olFA7| A
2 7392} Parabolic, Uniform, Scanned "
By

= Fig. 591 YeEhiich

J_t.

0

O

Parabolic 'J] 745 W4 FH E@%Ei}ﬂ 40 T2 Axk

ﬂo}x]_cﬂ 37]'X] H 1) =

H Ha St }ehA] thermal stressE H‘ 2
F%elA 7}% Z Bojzt ZHth  Uniform 9] A$ 2%

7} AHHoE v WA L5RY xo|7t 20 T2 FUsht

Wl BddAo] o)st 2=HAE Thermal Stressol whE
zx oz Bolx gav} EAjsit)

o] 2k el AxEA HAEY S7PF dle WA
g2 el A U7 Aatee FAA geEs o
Fat o] dx AAZE Aagd wE Ao T4 44
ag dA o Ao 2o e WAF] MAL &L
oz AAHAL  weEA Po-Bi Hdl FE A7 66 o,
NAAEL 40 cn2 DAHHSK

480 T T —T T T T
- - Parabolic Beam
4601 ® Uniform Beam f{ 7
Scanning Beam
440 - J
g 4zoj 1
TE; 400 - g
g 3804 J
360 < J
34oj 4

T AL T T
0.00 0.04 0.08 0.12 0.16 0.20
Y Coordinate [m]

Fig. 5 Temperature distribution of the beam windows (I=13 mA)
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Fig. 6 Temperature distribution of Pb-Bi (axial direction)
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Fig. 7 Temperature distribution of variable beam window thickness
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Fig. 8 Optimal design parameter (35 cm parabolic beam type)

I 82 35 cm Parabolic HWEA] w}E o 2% EIE
et AAZIERes AAE W YALE 600 Toldl
Pb-Bi UARE 500 C olal2 mEal= HWlAE 2= 173 pA7}
A=A w2 AolA wgt vl 149 381
T WAFEL 17 1A o|do] oiZHTh Table 32 FHHEL
oE W HuLe 9 1A He sk Hu dEgs U
ERAY two-equation model$] k- ¢ model®] 72k} RSMS] A4k
2 22 B BYth

Table 3 Maximum temperature and pressure distribution of the
Beam window

Turbulence model Temperature (C)|Pressure (atm.)
Spalart-Allmaras model 695.7 16.16
Standard 4709 16.26
k-g¢ model RNG 487.7 16.22
Realizable 471.6 16.25
Reynolds Stress Model! 4770 16.23
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