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1. Introduction 
 

Since a fuel cladding failure is the most important 
parameter in a core thermal-hydraulic design, the 
conceptual design stage only involves fuel assemblies. 
However, although non-fuel assemblies such as control 
rod, reflector, and B4C generate a relatively smaller 
thermal power compared to fuel assemblies, they also 
require independent flow allocation to properly cool 
down each assembly.  The thermal power in non-fuel 
assemblies is produced from both neutron and gamma 
energy, and thus the core thermal-hydraulic design 
including non-fuel assemblies should consider an 
energy redistribution by the gamma energy transport. 
To design non-fuel assemblies, the design-limiting 
parameters should be determined considering the 
thermal failure modes. While fuel assemblies set a 
limiting factor with cladding creep temperature to 
prevent a fission product ejection from the fuel rods, 
non-fuel assemblies restrict their outlet temperature to 
minimize thermally induced stress on the upper internal 
structure (UIS). 

This work employs a heat generation distribution 
reflecting both neutron and gamma transport. The 
whole core thermal-hydraulic design including fuel and 
non-fuel assemblies is then conducted using the 
SLTHEN (Steady-State LMR Thermal-Hydraulic 
Analysis Code Based on ENERGY Model) code [1]. 
The other procedures follow from the previous 
conceptual design [2]. 

     
2. Core Heat Generation 

 
During a nuclear reaction in a sodium-cooled fast 

reactor, the major heat sources are neutron and gamma 
rays. In the previous conceptual design, the neutron 
transport is only evaluated and the gamma transport is 
neglected. This means that a gamma ray is assumed to 
be simultaneously generated and absorbed in the same 
position during the nuclear reaction. As a result, heat 
generation in the fuel assemblies is overestimated and 
reveals conservative flow allocations. On the other hand, 
the non-fuel assemblies have less thermal power than 
the real values.  

To elucidate the heat generation rate in non-fuel 
assemblies, a detailed nuclear design including the 
gamma transport has been recently performed using the 
MCNP code, and its power distribution result is shown 
in Fig 1 [3]. To have a conservative thermal design, 
heat generation in the fuel assemblies comes from the 

previous conceptual design, and the non-fuel 
assemblies adopt the thermal power from the MCNP 
calculation. However, the control rod, reflector, and 
B4C assemblies are only involved in the present core 
thermal-hydraulic design. The other non-fuel 
assemblies such as IVS and radial shields are neglected 
because their heat generation rates are negligible, even 
when involving the gamma energy transport.  
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Fig. 1. Thermal power distribution considering both neutron 

and gamma transport. 
 

3. Thermal-Hydraulic Design 
 

In carrying out the core thermal-hydraulic design, 
several design criteria need to be met to assure proper 
performance and safety for the core and upper structure, 
where the design limits are highly related to 
temperature distribution in the fuel, cladding, and 
sodium under various operating conditions. For non-
fuel assemblies, the typical thermal design criterion is 
used to minimize the temperature difference between 
neighboring assemblies, which is highly related to a 
thermal striping failure of the upper internal structure. 
Therefore, each assembly outlet temperature should 
keep as close to the core average value as possible.  

 

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

499

452

453

454

455

456

457

458

459

460

461

462

463

464

465

435

434

498

497

496

495

494

493

492

491

490

489

488

487

486

485

484

483

482

481

480

479

478

477

476

475

474

473

472

471

470

469

468

467

1 2 3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

8687

888990

91929394

9596979899

100101102103104105

106107108109110111112

113114115116117118119120

121122123124125126127128129

130131132133134135136137138139

140141142143144145146147148149150

151152153154155156157158159160161

162163164165166167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335 336

337 338 339

340 341 342 343

344 345 346 347 348

349 350 351 352 353 354

355 356 357 358 359 360 361

362 363 364 365 366 367 368 369

370 371 372 373 374 375 376 377 378

379 380 381 382 383 384 385 386 387 388

389 390 391 392 393 394 395 396 397 398 399

400 401 402 403 404 405 406 407 408 409 410

411 412 413 414 415 416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

466

60 o

 
Fig. 2. Assembly index number for the SLTHEN code. 
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Fig. 3. Flow grouping diagram for the whole core analysis. 
 

Table I: Flow distribution results 
Flow 
Group 

No. 

Assembly 
 Type 

Assembly 
Flow 

 (kg/s) 

Group 
Flow 
(kg/s) 

Fraction 
(%) 

1  IC 26.52 1750.06 20.92 
2  IC 24.51 1323.52 15.82 
3  IC 22.75 682.53 8.16 
4  OC 26.91 807.16 9.65 
5  OC 24.68 592.26 7.08 
6  OC 22.62 678.62 8.11 
7  OC 19.05 457.11 5.46 
8  OC 17.15 308.69 3.69 
9  OC 15.38 184.58 2.21 

10  OC 13.82 165.80 1.98 
11  OC 13 312 3.73 
12  CR 1.44 36.08 0.43 
13  Ref 0.53 38.48 0.46 
14  B4C 0.57 44.18 0.53 

Etc. 
Inter assembly + IVS+ 

Radial shield etc.  
985.05 11.77 

Total     8366.1  100 
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Fig. 4. Outlet temperature distribution. 

 
In addition to the conceptual design with fuel 

assemblies, the whole core thermal-hydraulic design 
including non-fuel assemblies is performed. 
Considering the hexagonal repetition with a period of 
60o, the design of only a 1/6 core part was provided 
with a faster calculation time. Since fuel assemblies 
generate a large amount of thermal energy, they also 
need a massive coolant flow. This means that the heat 
transfer in a fuel assembly is purely convective, and the 
assembly boundary conditions rarely affect the 
temperature distribution. However, the non-fuel 
assemblies have much a smaller coolant flow, and the 

heat transfer between neighboring assemblies is highly 
important. Therefore, the present core thermal-
hydraulic design utilizes the whole core analysis as 
shown in Fig. 2. The flow grouping with a 1/6 core and 
repetitive application to the whole core are performed 
based on the assembly power rate, as shown in Fig 3. 
The non-fuel assemblies are made using a single group 
dependent on their type.   

The representative core flow grouping results for the 
whole core analysis are detailed in Table I. 14 flow 
groups in total were specified for the present core 
design, as shown in this table, where the inner core fuel 
assemblies utilize 3 flow groups, and the outer core fuel 
assemblies utilize 8 flow groups. Most of the flow is 
distributed to the fuel assemblies owing to the huge 
portion of thermal power. The control rod, reflector, 
and B4C assemblies have flow allocations of 0.43, 0.46 
and 0.53%, respectively, which are significantly smaller 
than those of the fuel assembly but cannot be neglected.  
The remaining flow rates for inter-assembly, IVS, radial 
shield, etc. were about 11.77%. The entire core region 
was kept below the limiting temperatures. The outlet 
temperature distribution of the whole core is displayed 
in Fig. 4, and indicates the neighboring assemblies 
having the most temperature difference. The maximum 
temperature difference exiting in adjacent assemblies 
was 81.9oC, which assure the structural integrity of the 
upper internal structures.  
 

4. Conclusions 
A whole core thermal-hydraulic analysis including 

fuel, control rod, reflector and B4C assemblies was 
performed based on the neutron and gamma energy 
transport. The design limiting criteria for fuel and non-
fuel assemblies are the cladding mid-wall temperature 
and assembly outlet temperature, respectively. The 
results show that the present design provides enough 
thermal margins considering the temperature 
distribution and remaining flow quantity.  
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