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Abstract

A spallation target system is a key component to be developed for an accelerator driven system (ADS).
It is known that a 15~25 MW spallation target is required for a practica 1000MWth ADS. The design of a
20 MW spallation target is very challenging because more than 60% of the beam power is deposited as heat
in a smal volume of the target system. In the present work, a numerical design study was performed to
obtain the optimal design parameters for a 20 MW spallation target for a 1000 MWy, ADS. Especialy, dual
injection tube was proposed for the reduction of the LBE flow rate at the target channel. The results of the
present study show that a 30 cm wide proton beam with a uniform beam distribution should be adopted for
the spallation target of the 20 MW power. When the dual LBE injection tube is employed, the LBE flow rate

could be reduced by afactor of 4 without reducing the maximum allowable beam current.
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9Cr-MoVNb ferritic 9Cr

1. Material data used for calculations

Density (10180.8kg/m?)
Thermal Conductivity (14.2W/m-K)
Thermal Expansion Coefficient (1.2x10™ K™)
Viscosity (1.39E-3kg/m-s)

Pb-Bi (450°C)

Density (7580kg/m®)
Thermal Conductivity (30W/m:-K)
9Cr-2WVTa (500°C) Thermal Expansion Coefficient (1.23x10° K™
Young's Modulus (181GPa)
Poisson Ratio (0.29)

LBE LCS 2.7(LAHET Code System) [19].
CFX 44
LAHET fitting , CFX
logarithmic k-¢
30< y+ <200 ,
upwind , SIMPLEC . turbulent
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3. The Computational domain and boundary conditions

(Wiem®), | =

LBE LAHET
(p<Db) LBE ()
(unit: W/cm3), (1)
(unit: W/cm3), (2
(MA), Ry = (cm),
(2)
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4. Temperature distribution of the wetted surface at the beam window
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4.2 Singleinjection Tube
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5. The temperature distributions of the wetted surface of the beam window with or without the IT
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6. The velocity distributions of the target system with or without 1T
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2. The peak temperature of the beam window and the L BE with variation of flow rate (parabolic)

LBE inlet velocity of R2(+R3) (m/s) 062 | 05 | 04 | 03 | 025
Flow rate ratio of R2(+R3) (%) 466 | 373 | 299 | 223 | 187
Total flow rate ratio of target channel (%) 50 407 | 333 | 257 | 221
Temperature (Beam Window, °C) 529 528 | 527 | 526 | 525
Temperature (LBE, °C) 479 478 | 478 | 481 | 483
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7. The velocity distribution of target system and the temperature distribution of wetted surface at

the beam window with the flow rate variation (parabolic).
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3. The allowable beam current and the peak temperature of beam window and the L BE (parabolic)

LBE inlet velocity of R2(+R3) (m/s) 062 | 05 04 | 03 | 025
The alowable Beam Current (mA) 142 | 143 | 143 | 140 | 138
Temperature (Beam Window, °C ) 557 | 558 | 556 | 551 547

Temperature (LBE, °C) 500 | 500 | 500 | 500 | 500




4. The peak temperature of the beam window surfaces with variation of flow rate (uniform)

LBE inlet velocity of R2(+R3) (m/s) 062 | 05 04 0.3 | 0.25
Flow rate ratio of R2(+R3) (%) 466 | 3.73 | 299 | 223 | 187
Total flow rate ratio of target channel (%) 50 | 407 | 333 | 257 | 221
Temperature of inner beam window surface (°C) 540 | 544 | 550 | 558 | 562
Temperature of wetted bean window surface (°C) 500 | 505 | 511 | 518 | 523
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8. The temperature distribution of target system and wetted surface at

the beam window with the flow rate variation(uniform).

4.3 Dual injection Tube

3 dual injection tube(DIT) . IT 10cm
IT2(1T2) 35cm , IT1(1T2) 10cm, 20cm
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Uniform Beam Current = 19.6mA
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10. The temperature distribution of LBE at the wetted window surface with DIT

injection tube
Single injection tube

, uniform

(IT 1=20cm)

HYPER
HYPER 10%

19.6mA

, parabolic

(19mA)

12
14.3mA

R2



LBE(Lead-Bismuth eutectic) (thermal island) ,
Dual injection tube

Dual injection tube

10.

11.

12.

, HYPER
1/4 ,
400°C : thermal striping

Buono, S. et a., 1998, Numerical Studies Related to the Design of the Beam Target of the Energy
Amplifier Prototype, Heavy Liquid Metal Conference’98, Vol. 1, p.249.

Cheng, X. and Slessarev, |., Thermal-hydraulic Investigations on Liquid Metal Target System,
Nuclear Engineering and Design, 202, 297 (2000).

Gohar, Y. et al., 2001, Lead-Bismuth-Eutectic Spallation Neutron Source for Nuclear Transmuter,
AccApp/ADTTA’ 01, Reno, Nevada, Nov. 11-15.

Tak, N. I. and Cheng, X., Thermal Hydraulic Design of the Active Part of the MEGAPIE Target,
Proceedings of the Korean Nuclear Society Spring Meeting, Cheju, Korea (May 2001).

Gromov B. et a., 1998, Experience on Development of Molten Lead-Bismuth Target for
Accelerator-Driven Systems, HLMC ' 98, Vol. 1., pp. 49-59.

Kim Y. H. et a., 2003, Optimisation of Height-to-Diameter Ratio for an Accelerator-Driven
System, Nuclear Science and Engineering, Vol. 143, pp. 141-157.

Song, T. Y. and Tak, N. I., 2001, Optima Design of HY PER Target System Based on the Thermal
and Structural Analysis of Pb-Bi Spallation Target and Beam Window, Annals of Nuclear Energy.
Tak, N. I. et al., 2001, Numerica Studies on Thermal Hydraulics of HYPER target,
AccApp/ADTTA’ 01, Reno, Nevada, Nov. 11-15.

Cho, C. H. et a., 2002, Optimum Design of Beam Window’s Diameter and Thickness of HY PER
Target System, Proc. KNS Autumn Meeting, Oct. 24-25.

Cheng, X. et al., Therma hydarulic Design of an ADS with Three Spallation Targets, Proc.
ADTTA 99 Conference, Prague (June 1999).

Tichelen, K. V. et a., 1999, MYRRHA Project, a Windowless ADS Design, Proc. ADTTA 99,
Prague, Czech Republic.

ANSALDO, 2001, XADS Pb-Bi Cooled Experimental Accelerator Driven System Reference



13.

14.

15.
16.

17.

18.
19.

Configuration, Summary Report.
C. H. Cho, T. Y. Song, N. I. Tak, 2004, Numerical design of a 20 MW lead-hismuth spallation
target for an accelerator-driven system, Nuclear Engineering and Design, Vol. 229, pp. 317-327

WON S. PARK et d., “ Transmutation Technology Development,” Korea Atomic Research Institute,
KAERI/RR-2117/2000 (2000).

Park, W. S. et al., 1997, Development of Nuclear Transmutation Technology, KAERI/RR-1702/96.
Yachmenyov, G S. et al., 1999, Problems of Structural Materials Corrosion in Lead-Bismuth
Collant, P roceedings of Heavy Liquid Metal Coolantsin Nuclear Technology, Vol 1. p133-140.
Klueh, R. L., 1996, Experience with Ferritic/martensitic Steels for Fusion Application, Proceedings
of International Workshop on Spallation Materials, 3.3-3.26.

Rust, J. H., 1979, Nuclear Power Plant Engineering, Haralson Publishing Company, p385.

Prael, R. E. et a., 1989, User Guideto LCS: The LAHET Code System, LA-UR-89-3014.



	분과별 논제 및 발표자



