
CONTENTS 

Preface•@v 

1.•@ INTRODUCTION•@1

2.•@ PLASMA 

2.1•@ Plasma Transport•@ 13 

2.1.1•@ Energy confinement•@ 13 

2.1.2•@ Plasma design•@ 15 

2.1.3•@ Burn control•@ 21 

2.2•@Plasma Equilibrium and Beta Limit•@ 23

2.2.1•@ Plasma equilibrium•@ 23 

2.2.2•@ Beta study•@ 35 

2.3•@ Heating and Current Drive•@ 37 

2.3.1•@ Radio frequency heating•@ 37 

2.3.2•@ Radio frequency current drive•@ 42 

2.3.3•@ Neutral beam injection heating•@ 49 

2.3.4•@ Beam driven currents•@ 53 

2.4•@ Divertor•@ 56 

3.•@ FIRST WALL AND IMPURITY CONTROL ENGINEERING 

3.1•@ Introduction•@ 65 

3.2•@ Design procedure of first wall•@ 65



3.3•@ Environmental Conditions•@ 67 

3.3.1•@ First wall•@ 67 

3.3.2•@ Divertor•@ 70 

3.3.3•@ Limiter•@ 76 

3.4•@ Sputtering and Redeposition•@ 78 

3.4.1•@ Introduction•@ 78 

3.4.2•@ Experimental data of physical sputtering yield•@ 78

3.4.3•@ Equations for calculation of physical sputtering yield•@ 87 

3.4.4•@ Dependence of physical sputtering yield on incident angle•@ 91 

3.4.5•@ Multicomponent systems•@ 92 

3.4.6•@ Temperature effects on sputtering yield•@ 94 

3.4.7•@ Self sputtering•@ 95 

3.4.8•@ Redeposition•@ 96 

3.5•@ Engineering Impact of Plasma Disruption•@ 102 

3.5.1•@ Introduction•@ 102 

3.5.2•@ Heat load during plasma disruption•@ 107 

3.5.3•@ Thermal analysis•@ 110 

3.6•@ Structural Integrity•@ 120 

3.6.1•@ Structural integrity evaluation•@ 120 

3.6.2•@ Application of fracture mechanics•@ 123 

3.7•@ Design Examples•@ 129 

3.7.1•@ Typical design of first wall•@ 129 

3.7.2•@ Typical design of divertor•@ 135 

3.7.3•@ Typical design of pumped limiter•@ 144

4.•@ BLANKET AND SHIELD 

4.1•@ Blanket•@ 181 

4.1.1•@ Requirements for blanket•@ 181 

4.1.2•@ Material selection•@ 184 

4.1.3•@ Structural concept of the blanket•@ 188 

4.1.4•@ Neutronics design•@ 190 

4.1.5•@ Thermal design•@ 197 

4.1.6•@ Stress evaluation of blanket vessel•@ 204

4.1.7•@ Integrity of breeder material•@ 208 

4.1.8•@ Tritium inventory in breeder (Li20)•@ 210 

4.2•@ Shield Structure•@ 213 

4.2.1•@ Introduction•@ 213 

4.2.2•@ Design criteria for the shield structure•@ 215 

4.2.3•@ The policy of shielding design•@ 219 

4.2.4•@ Design codes and nuclear data•@ 220 

4.2.5•@ Shielding ability of candidate materials•@ 223 

4.2.6•@ Radiation streaming from openings•@ 224 

4.2.7•@ Examples of shield structure•@ 224 

4.3•@Electro-magnetic Design of Torus Structures•@ 227 

4.3.1•@ Penetration of loop voltage•@ 227 

4.3.2•@ Induced vertical field•@ 229 

4.3.3•@ Penetration of magnetic field•@ 229 

4.3.4•@ Plasma vertical position control•@ 231 

4.3.5•@ Plasma disruption effects•@ 235 

4.3.6•@ AC loss in cryogenic structures•@ 240 

5.•@ MAGNET 

5.1•@ Toroidal Coil•@ 246 

5.1.1•@ Introduction•@ 246 

5.1.2•@ Evolution of toroidal coil development•@ 246 

5.1.3•@ Basic selections for the coil design•@ 251 

5.1.4•@ Practical superconducting materials and 

conductor design•@ 254 

5.1.5•@ Heat flux design•@ 260 

5.1.6•@ Design of a low-loss pulsed conductor•@ 263 

5.1.7•@ Structural design of superconducting 

magnet in torus coil system•@ 266 

5.1.8•@ New cryogenic structural materials•@ 273 

5.1.9•@ Mechanical behavior of winding 

under mechanical loading•@ 276 

5.1.10•@ Design of a data acquisition and 

control system for a coil•@ 279



5.1.11•@ Thermal design•@ 281 

5.1.12•@ Cyrogenic system design•@ 288 

5.1.13•@ Principal cryogenic machines•@ 293 

5.1.14•@ Concluding remarks•@ 298 

5.2•@ Poloidal Magnet•@ 300 

5.2.1•@ Outline of poloidal magnet•@ 300 

5.2.2•@ Design of pulsed superconducting magnet•@ 304 

6.•@ HEATING 

6.1•@ Introduction•@ 327 

6.2•@ Requirements for Heating System Design•@ 328 

6.2.1•@ Neutral beam injection•@ 328 

6.2.2•@ Ion cyclotron range frequency wave system•@ 330 

6.2.3•@ Lower hybrid wave system•@ 333 

7.•@ POWER SUPPLY 337 

7.1•@ Introduction•@ 337 

7.2•@ Various Power Supply System•@ 341 

7.2.1•@ Toroidal field (TF) coil power supply system•@ 341 

7.2.2•@ Poloidal field (PF) coil power supply system•@ 342 

7.2.3•@ Energy storage system•@ 347 

8.•@ TRITIUM SYSTEMS•@ 348 

8.1•@ Introduction 348 

8.2•@ Fuel Gas Circulation System•@ 350 

8.2.1•@ System description•@ 350 

8.2.2•@ Fuel gas circulation rate•@ 350 

8.2.3•@ Fuel gas purification system•@ 351 

8.2.4•@ Isotope separation system•@ 358 

8.3•@ Blanket Tritium Recovery System•@ 365 

8.3.1•@ Recovery method•@ 365

8.3.2•@ Catalytic oxidation-adsorption method•@ 366 

8.4•@ Primary Coolant Detriation System•@ 370 

8.5•@ Tritium Containment System•@ 371 

8.5.1•@ Multiple barrier containment•@ 371 

8.5.2•@ Capacity of emergency air detriation system•@ 374 

8.6•@ Tritium Permeation into Coolant•@ 375 

8.7•@ Technical Appendix•@ 378 

8.7.1•@ Physical and chemical data on tritium•@ 378 

8.7.2•@ Radiation safety regulation for tritium•@ 380 

8.7.3•@ Evaluation of tritium inventory•@ 383 

9.•@ FUEL SUPPLY SYSTEM 

9.1•@ Fueling Methods 387 

9.2•@ An Outline of the Pellet-Injection Method•@ 388 

9.2.1•@ Pellet production•@ 388 

9.2.2•@ The pellet acceleration method•@ 389 

9.3•@ The Present Situation in Pellet Injector Development•@ 391 

9.4•@ Pellet Speed•@ 394 

9.4.1•@ Required speed•@ 391 

9.4.2•@ Theoretical maximum speed (light gas gun)•@ 394 

9.4.3•@ The relation between pellet speed 

and acceleration length (light gas gun)•@ 395 

9.5•@ Future Subject•@ 397 

10.•@ REMOTE HANDLING 

10.1•@ Introduction•@ 398 

10.2•@ Design Philosophy•@ 400 

10.3•@ Maintenance Procedure•@ 400



10.4•@ Maintenance System/Equipment•@ 400

10.5•@ Conclusion•@ 411 

11.•@ VACUUM SYSTEM•@ 414 

11.1•@ Introduction•@ 414 

11.2•@ Requirements and Issues of Vacuum System•@ 415 

11.3•@ Design Example of Torus Pumping System 417 

11.4•@ Examples of Large Scale Pumping System•@ 425 

12.•@ BUILDING 

12.1•@ Introduction•@ 431 

12.2•@ Primary Function of the Tokamak Machine Facilities•@ 431 

12.3•@ Tokamak Machine Building Functional and 

Operational Requirements•@ 432 

12.4•@ Tokamak Machine Building Design and Study Flow•@ 432 

13.•@ COOLING SYSTEM 

13.1•@ Introduction•@ 440 

13.2•@ Example of Design•@ 442 

13.3•@ Analysis of Temperature Fluctuations in Cooling System•@ 451 

13.3.1•@ Blanket model•@ 451 

13.3.2•@ IHX model•@ 454 

13.3.3•@ Condition and result of analysis•@ 456 

14.•@ FUNDAMENTALS FOR DESIGN TECHNOLOGY 

14.1•@ Materials•@ 459 

14.1.1•@ Structural materials•@ 459 

14.1.2•@ Breeding materials•@ 479 

14.1.3•@ Special purpose materials•@ 483

14.1.4•@ Superconducting magnet materials•@ 497 

14.2•@ Thermal Hydraulics•@ 504 

14.2.1•@ Heat conduction and thermal radiation•@ 504 

14.2.2•@ Heat transfer by convection•@ 513 

14.2.3 Pressure drop with water and 

gaseous coolants•@ 516 

14.2.4•@ Liquid metal heat transfer•@ 519 

14.2.5•@ Liquid metal MHD flow phenomena•@ 521 

14.2.6•@ Coolant and material considerations•@ 525 

14.2.7•@ Thermal cycle•@ 532 

14.3•@ Neutronics•@ 538 

14.3.1•@ Nuclear data and group constants•@ 540 

14.3.2•@ Neutron transport theory,sensitivity 

and uncertainty analysis•@ 549 

14.3.3•@ Monte Carlo method•@ 557 

14.3.4 Simplified methods for shielding calculation•@ 564 

14.3.5•@ Nuclear heating, radiation damage, 

induced activity and decay heat•@ 568 

14.4•@ Electromagnetics•@ 583 

14.4.1•@ Introduction•@ 583 

14.4.2•@ Eddy current analysis•@ 583 

14.4.3•@ Coupling between eddy current 

and mechanical dynamics•@ 598


