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Accelerator Driven System was proposed for:
 Nuclear Waste Transmutation （ATW）
 Accelerator Driven Thorium Reactor (ADTR)
 Isotopes Production … (ex. ISOL RIA)

ADS consists of High Power Proton Accelerator, Spallation
Target/Blanket，Material & Fuel mainly.

 ADS and FR in 

Advanced Nuclear 

Fuel Cycles — A 

Comparative Study, 

NEA/OECD, 2002

 White paper of ADS in 

FermiLab. 2010



Lei Yang



10 

CIADS Main Parameters: 

 High CW Power (>2.5MW, >500MeV) SC-LINAC 

 High Power (>2.5MW) Spallation Target  

 Sub-Core (<10MWth) 

 Coupling all Components  Full System (~10MW) 

CIADS Time Schedule :  

 2017—2023 
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 Average Beam intensity in theory：~30 

μA/cm^2. For an ADS, If the diameter of the 

beam pipe can choose ~30-40 cm, then, the  

target would be design for severals MW. 

 The heat removal of the window will be 

limited by the heat conduction of the target 

material and convection-cooling.

 Recently, the materials challenges of 

windows LMT are shown by PIE, the 

DPA/Year -> 8.
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Stress 

Distribution

loop test for windowless HML target DNS Parallel CFD (GPU) for Beam-Target-Coupled

 The hydrodynamic instability of system will be 
increase by the flux of the inlet.

 The region of the eddy could be design, so the 
annular beam can be used to avoid eddy, the 
control of stability is not an easy task.
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Principle of Granular Fluid Spallation Target 

Science China 

Tech. Sci. 58(10) 

July 2015 

Spallation 

neutron 

• Granular fluid operate 

stable as sand clock 

• Target heat removing off 

line  

• Grain update on line 

• Higher target power 

capacity: 10~100 MW 

• Dissipation the shock wave 

induced by beam trip 

• Relieve short beam trip 

(<10s) requirement as 

discrete medium in target  

• Target material selectable 

• Dust handling require 

• High cost effective 
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Beam 

coupled 

granular 

target

Dense granular 

flow, Heat transfer 

& Intermedia fluids

Stochastic many-

spheres geometry 

for random 

packing grains
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EM lift

Heater

Heat exchange

Filter & dust remove

Storage

Cover gas

Mass flow

Temperature

Construction design
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（Pipe Chain Lift） （Magnetic Travelling Wave Lift）

10Tons, 1mm W Alloys Grains
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2015.6  

2016.6  

2016.3  2015.11  

2016.12  

2016.9

Air tightness test
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W Alloy Grains: 

<0.01 DPA/y (5000h) for 250MeV@10mA

<0.1 DPA/y (5000h) for 1GeV@10mA             
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 Theoretical

 Simulation
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250MeV@10mA



Lei Yang



Lei Yang



Lei Yang

Lead/LBE Cooling Fast Reactor

Gas Cooling Fast Reactor
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Fuel rod

Fuel assembly

reactor core

19.6 cm

Coolant

channel

1.5cm

Diameter of SiC granular: 

~0.5 mm

Helium pressure: 0.1 MPa

Graphite reflector

B4C neutron Shield

UC/ThO2

Two phase coolant: Solid grains + Gas
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 Specific heat is similar to LBE coolant

 No corrosion & Less radio/chemical toxicity
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LBE/LPb Water+Steam He+Grain 

Temperature (oC) ~600 ~600 ~900 

Pressure >1atm ~10MPa ~1atm 

Corrosion Stronger >500oC Adequate ~ 600oC Low  

Long Burnup Difficult（material） Yes Yes 

Radiation/live time Higher/Long Minimum/Shortest Low/Short 

Relative toxicity Stronger Minimum Weaker 

Density（MW/m3) >50 ~50 30~50 

Core Safety Passive  Passive  Passive  

Thermal Quality Good   Adequate  Best  

Material improving Corrosion/Erosion Corrosion >500oC Erosion  

Tech. Diff./mature Diff./Spec. Op.+R&D Simple/R&D Adequate/R&D 

Cost Constr. / Op. High / High  Lower/Lower Adequate/Lower 

 LBE/LPb：Diff., Short Refueling, Lower in cost effective 

 Water+Steam：Low electricity efficiency, Middle in cost effective 

 He+Grain：Better cost effective, New, need more R&D 
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①超导直线加速器
②器靶耦合段
③反应堆与散裂靶装置区
④加速器设备厅
⑤束流收集终端及散裂靶热态实验区
⑥低温中心设备厅

⑦加速器装配调试及工艺实验厅
⑧超导综合测调与加速器维修厅
⑨冷却水设备厅
⑩散裂靶及堆芯热工测调维护厅
⑪放化与材料厅
⑫中心变电站

CiADS系统总体布局
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园区

职工宿舍

束流收集终端
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Very high flux (fast/even hard) 
neutron source is enthusiastic 
requirement.
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Sample 1

Sample 2
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换热
器

靶室

加热
段

管链

（a）

（b）

radio frequency induction heating
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Test without beam (end of 2016); Test with beam (end of 2017)

Setup for installation site

Next plan:
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End of Last year, we have 1P Flops for Simulation & Design
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束流动力学模拟

束流与物质相互作用快过程模拟

网格数目为6.5万 网格数目为26.2万

网格数目为1677.7万 网格数目为6656.92万
计算时间0.1s
雷诺数Re=3000

流体力学的DNS

Hydra dynamical & PIC simulation by GPU
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Thank you!
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