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Thermal and Stress Analysis of HYPER Target System
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Abstract

It takes a few million years to reduce the toxicity of long-lived TRU and FP of PWR
spent fuel to the safe level. If those long-lived TRU and FP are transmuted before deposition,
the monitoring time can be reduced to a few hundred years. Korea Atomic Energy Research
Institute has developed a transmutation system HYPER(HYbrid Power Extraction Reactor)
which is a accelerator-driven transmutation system. HYPER is a subcritical reactor which
needs an external neutron source. 1GeV proton beam is irradiated to 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 target using FLUENT code, and also

calculated thermal and mechanical stress of the beam window using ANSYS code.
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Beam Diameter | Tube Diameter | Source Efficiency | Needed Current

10cm 15cm 0.91 10.8mA

15cm 20cm 0.91 10.8mA

20cm 25cm 0.97 10.2mA

25cm 30cm 0.84 11.7mA
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¥ 2. 2% Pb-Bi material property
Heat C " Thermal Vi "
density (g/cm®) ca a;())am v Conductivity 15.0051.37
(Cal/gC) i (Centi Poises)
(Cal/sec cm TC)
1046 (200C) 0.035 0.022 (160°C) 1.7 (3320)
10.19 (4007C) (144~358°C) 0.023 (200C) 1.38 (450T)
9.91 (600TC) 0.024 (2407C) 1.29 (5007C)
9.64 (800C) 0.026 (3007C) 1.23 (5507C)
9.36 (10007C) 0.027 (320C) 1.17 (600°C)

¥ 3. Axbe] o] &3 &%= 9Cr-2WVTa material property

item unit 20°C | 100 | 200°C [300C | 4007T | 500T | 600T a3
Young's Modulus Mpa 218 207 | 199 | 190 | 181 | 168 |9Cr-Mo-V-Nb
Thermal Exp. coeff. | x10°K ™| 10.4 113 | 11.7 | 120 | 123 | 126 |9Cr-Mo-V-Nb
Poisson Ratio 0.29 029 | 029 | 029 | 029 | 029 [9Cr-Mo-V-Nb
Density kg/m3 7730 7680 | 7650 | 7610 | 7580 | 7540 |9Cr-Mo-V-Nb
Thermal
. O W/m-K| 26 28 | 28 | 29 | 30 | 30 [9Cr-Mo-V-Nb
Conductivity
Yield Stress MPa 650 | 620 | 610 | 600 | 560 | 500 9Cr-2WVTa
Heat Capacity J/kg - K| 402 461 528 595 9Cr-Mo
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Beam | Tube | Needed | Max. [Max.Window| Max. Pb-Bi | Max.
Diameter|Diameter| Current | Current | Temperature | Temperature| Stress

10cm 15cm | 10.8mA | 1.6mA 546°C 494°C
15cm | 20cm | 10.8mA | 3.3mA 548°C 500°C 117MPa
20cm | 25cm | 10.2mA | 5.4mA 539%°C 495°C 123MPa

25cm | 30cm | 11.7mA | 8.2mA 542°C 500°C 124MPa
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® Beam scanning

® Windowless target
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