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Abstract

HYPER is designed to transmute long-lived TRU and fission products such as Tc-99 and 1-129. Pb-Bi
is used as the coolant and spallation target material at the same time. HYPER is expected to need about
20mA proton beam to sustain a 1000MW;, power level. The cylindrical beam tube and spherical window is
adopted as the basic window shape of HY PER. The window diameter and the window thickness are varied
to find the maximum allowable current based on the design criteria : Pb-Bi temperature < 500°C, window
temperature < 600°C, Pb-Bi velocity < 2m/s and window stress < 160MPa. The LAHET code is used to
simulate heat generation. CFX is also used for the thermal-hydraulics calculation. Based on our design
criteria, the maximum allowable current is calculated to be about 9.2mA, which is smaller than the required

current. Therefore, an upgrade of the target system design is required.
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Figure 1. The outline of HY PER
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Figure 2. Outline of the target system design
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Table 1. The design criteria and values of fixed parameters.

Materia of Beam Tube

and Window 9Cr-2WVTa
Material and . lindrical beam tube +
Shape of Target | Shape of Beam Tube and Window Hercn:?/—Spheri cal beam window
stem
¥ Target Material Pb-Bi
Target Channel Shape Cylinder
Target Channel Diameter(D,) 66cm
Pb-Bi Inlet Temperature(T) 340°C
Pressure loaded to beam window(P) 16atm at 0.3m above _Iower surface of
the beam window
Window Diameter(D,) Need to be decided
Design
Parameters Beam Diameter(Dy) (Dw —5)cm

Distribution of Beam Current Density

Parabolic with circular beam shape

Inlet Velocity of Pb-Bi(V) Need to be decided
Beam Energy(E) 1GeV
Thickness of Beam Window(d) Need to be decided
Temperature of Pb-Bi <500°C
Design Criteria Velocity of Pb-Bi <2m/s
Temperature of Beam Window < 600°C
Stress Intensity of Beam Window < 160MPa
, 50cm 35cm 5cm
2.0mm 3.5mm 0.5mm
5cm )
0.1m , Pb-Bi

2m/s




Table 2. Material data used for calculations

Density (10180.8kg/m’)

. o Thermal Conductivity (14.2W/mx)

Pb-Bi (450°C) Thermal Expansion Coefficient (1.2 10 K™)
Viscosity (1.39E-3kg/mds)

Density (7580kg/m°)

Thermal Conductivity (30W/mxX)
Thermal Expansion Coefficient (1.23° 10° K™
Young' s Modulus (181GPa)

Poisson Ratio (0.29)

9Cr-2WVTa (500°C)

4,
4.1
Pb-Bi ,
Pb-Bi r 12 ,r 8 96 . Table
3 40cm, 35cm, 2mm
19.8 < r < 20cm . 10
, T > 20cm 0.4W/cm®
62% Pb-Bi ,
5% 1mA 45W/cm3 ,
2mm 9W/cm?
(r > 17.5cm) )
. Pb-Bi r > 80mm
fitting (r < 175cm) (2
(1)
2| 2 2 . 3
Q=C—(R7-r~) (unit:wicm®) D
PR,
, Q= (W/cm3),
| = (mA),
R, = (cm),

r = (cm),



Table 3. The heat generation rate(W/cm®) of cells for window diameter of 40cm case

(beam radius : 35cm,

current : ImA).

Window and Pb-Bi under window
0<r<2.5cm 2.5<r<5 5<r<7.5 75<r<10 | 10<r<125 | 125<r<15 | 15<r<17.5 | 17.5<r<20
Window 45.0 42.9 40.1 34.6 26.7 17.3 5.9 0.3
20<r<22cm 52.2 49.1 45.3 38.5 29.7 191 6.4 0.1
22<r<24 50.6 49.1 448 37.8 291 18.2 6.2 0.2
24<r<26 48.3 46.2 42.3 355 27.2 17.2 59 0.3
26<r<28 46.1 43.1 39.4 33.0 25.3 15.6 55 0.5
28<r<30 419 40.1 36.3 30.6 229 14.4 5.2 0.6
30<r<40 323 30.5 275 23.0 17.3 10.7 4.2 0.8
40<r<50 19.1 18.1 16.2 13.4 10.0 6.2 2.7 0.9
50<r<60 10.5 10.1 9.0 7.4 55 35 1.7 0.7
60<r<70 6.1 5.8 5.2 4.3 33 21 12 0.6
70<r<80 3.0 2.8 24 1.9 14 0.9 0.5 0.3
80<r, z<80 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1
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Figure 3. Fitting result of beam window and Pb-Bi region (window diameter=40cm)



Table 4. Thefitting results of constant C

C(x10%
Layer
D,~=50cm 45cm 40cm 35cm 30cm
Window 222 2.20 2.20 218 217
20<r<22cm 2.55 2.55 2.56 2.56 2.54
22<r<24 254 253 253 252 252
24<r<26 2.42 2.42 2.40 2.39 2.36
26<r<28 2.30 2.28 227 224 222
28<r<30 213 211 2.09 2.07 2.04
30<r<40 1.63 1.61 1.59 1.56 152
40<r<50 0.98 0.96 0.93 0.90 0.87
50<r<60 0.54 0.53 0.51 0.49 0.46
60<r<70 0.31 0.29 0.28 0.26 0.24
70<r<80 0.16 0.15 0.14 0.13 0.11
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Table 5. CFX results for cases of 4 different window thickness with fixed window diameter 40cm

Window Thickness(mm) 20 25 30 | 35

Maxi m”{“ aﬁgg’a‘f‘iﬁ’fﬁr‘g{tﬁm AS)""“Sf Yng 1 g7 |83 | 79 | 76
Maximum Pb-Bi Inlet Velocity(m/s) 111

Maximum Pb-Bi Temperature(°C) 500 | 500 | 500 | 500

Maximum Window Temperature(°C) 526 | 539 | 553 | 569

Maximum Stress(MPa) 158 | 126 | 105 | 90

Table 6. CFX results for cases of 4 different window diameters with window thickness 2, 2.5mm

50
20 |25

48
20 |25

45
20|25
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20|25

35
2.0

Window Diameter(cm)
Window Thickness(mm)

Maximum Allowable Current
Satisfying Temperature Limit(mA)
Maximum Pb-Bi Inlet Velocity(m/s)
Maximum Pb-Bi Temperature(°C)
Maximum Window Temperature(°C)
Maximum Stress(MPa)

9.6 9.1 |19.7 |9.2 195 (9.0 187 |83 |75
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Figure 4. CFX results for cases of 4 different window diameters with window thickness 2, 2.5mm
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Figure 5. Temperature and velocity distribution of optimum designed target system
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