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  The fuel transient tests for light water reactors are to be carried out in the Japan Materials Testing Reactor 

(JMTR), and the capsule-type test facilities (fuel transient test capsules) are to be used in the tests.  In order to 

investigate the thermal-hydraulic behavior in the capsules, the multi-dimensional two-fluid model code ACE-3D 

is used.  At first, the functions of ACE-3D were expanded for the pre-process and the post-process.  Then, the 

BWR power calibration test capsule, which had been tested in JMTR, was modeled, and the BWR power 

calibration tests were simulated numerically for the verification of ACE-3D.  The numerical results agreed well 

with the test data.  As a result, it was found that ACE-3D is applicable to the thermal-hydraulic analysis in the 

fuel transient test capsules.  In addition, the fuel transient tests with natural convection capsules were simulated 

numerically with ACE-3D, and the thermal-hydraulic behavior in the capsules was investigated. 

Keywords: Numerical Simulation, Light Water Reactor, Fuel Transient Test, Capsule, Natural Convection, 

Boiling, Thermal-Hydraulic Behavior 

This study was conducted under a contract with the Nuclear and Industrial Safety Agency of the Ministry of 

Economy, Trade and Industry. 

Department of JMTR Operation 

Special Topic Engineer 

�����������������������

�



iii

11

ACE-3D 12

12

12

13

ACE-3D 16

16

16

16

17

17

18

18

19

19

10

14

15

15

�����������������������

�



iv

Contents 

1. Introduction 11

2. Outline and Expanded Functions of ACE-3D 12

2. 1 Functions and Features 12

2. 2 Basic Equations 12

2. 3 Expanded Functions 13

3. Application of ACE-3D to Thermal-Hydraulic Analysis in Capsules 16

3. 1 Verification Analysis 16

3. 1. 1 Analytical Model 16

3. 1. 2 Analytical Conditions 16

3. 1. 3 Analytical Cases 17

3. 1. 4 Analytical Results and Discussions 17

3. 2 Numerical Simulations of Fuel Transient Tests 18

3. 2. 1 Analytical Models 18

3. 2. 2 Analytical Conditions 19

3. 2. 3 Analytical Cases 19

3. 2. 4 Analytical Results and Discussions 10

4. Concluding Summary 14

Acknowledgements 15

References 15

�����������������������

�



1

Japan Materials Testing Reactor JMTR Oarai Shroud 
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ACE-3D

BWR

ACE-3D ACE-3D

JMTR ACE-3D BWR

12.26 mm BWR

ACE-3D ACE-3D

BWR BWR

Fig. 3.1 BWR Fig. 3.2 BWR

BWR

r

z r 7

16 z 34 3,808

12.26 mm 360 mm

Ni MgO 6.4 mm 4.0 mm SUS316 3.2 mm

1 mm SUS316 32 mm 27 mm SUS316

HTC1 HTC2 HTC3

TC1 TC2 TC3 TC4

TC5 TC4 TC5

Table 3.1 BWR

Table 3.2 Table 3.3

2 10
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7 2.2 W/g

Table 3.4 BWR

200 W/cm 400 W/cm

600 W/cm

BWR ACE-3D BWR

BWR Fig. 3.3

200 W/cm Fig. 3.4 400 W/cm Fig. 3.5 600 W/cm

JMTR130

Table 3.5

200 W/cm Fig. 3.3 100

HTC1 3

0.3˚C 12.4˚C 0.1% 4.2% TC1 3

10.1˚C 14.4˚C 8.0% 10.1% 400 W/cm

Fig. 3.4 HTC1 3 0.1˚C 8.3˚C

0% 2.8% TC1 3 0.5˚C 20.5˚C 0.2% 10.3%
600 W/cm Fig. 3.5

23 Fig. 3.5

23

HTC1 3 0.6˚C

12.1˚C 0.2% 4.1% TC1 3 4.2˚C 28.6˚C

1.8% 8.8%
4% 10%

BWR r��� rz Fig. 3.6

200 W/cm 100 Fig. 3.7 400 W/cm 100

Fig. 3.8 600 W/cm 23 r���
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rz 6 Fig. 3.2 r rz

Fig. 3.6 Fig. 3.7

r

Fig. 3.3 Fig. 3.4 Fig. 3.8 r

Fig. 3.5

BWR r rz Fig. 3.9

200 W/cm 100 Fig. 3.10 400 W/cm 100

Fig. 3.11 600 W/cm 23

Fig. 3.9 rz

r

BWR Fig. 3.12

600 W/cm r rz Fig. 3.13 600 W/cm

23

600 W/cm 0.3

600 W/cm

ACE-3D BWR

12.26 mm 9.5 mm ACE-3D

ACE-3D ACE-3D

BWR

BWR BWR

Fig. 3.2 12.26 mm 9.5 mm
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Fig. 3.14 Fig. 3.15

r

z r 7

16 z 34 3,808

9.5 mm 400 mm

Ni MgO 5 mm 4 mm SUS316 3.2 mm 1.2 mm

SUS316 16 mm 14 mm 630 mm 73.5 mm 556.5 

mm SUS316 32 mm 27 mm SUS316

BWR

18 mm 16 mm

34 mm 29 mm

HTC1 HTC2 HTC3 TC1 TC2 TC3

BWR

TC4 TC5

BWR

BWR

BWR

Table 3.6

BWR

BWR

Table 3.7 BWR

200 W/cm 400 W/cm

600 W/cm 200 W/cm 400 W/cm 600 W/cm

BWR 1
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BWR 2

Table 3.8

200 W/cm 400 W/cm 600 W/cm

600 W/cm 1 mm

600 W/cm BWR 7.33 MPa PWR 15 MPa

1 2

3

BWR ACE-3D

BWR

Table 3.9 BWR

BWR

BWR 1 Fig. 3.16

200 W/cm Fig. 3.17 400 W/cm Fig. 3.18 600 W/cm r���

rz Fig. 3.19 200 W/cm 100 Fig. 3.20

400 W/cm 100 Fig. 3.21 600 W/cm 26

BWR 2 Fig. 3.27

200 W/cm Fig. 3.28 400 W/cm Fig. 3.29 600 W/cm r���

rz Fig. 3.30 200 W/cm 100 Fig. 3.31

400 W/cm 100 Fig. 3.32 600 W/cm 68

BWR 1 2 Table 3.5

HTC 3
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BWR

1 BWR 2

600 W/cm

BWR 1 r rz Fig. 3.22

200 W/cm 100 Fig. 3.23 400 W/cm 100

Fig. 3.24 600 W/cm 26 BWR

2 r rz Fig. 3.33 200 W/cm

100 Fig. 3.34 400 W/cm 100 Fig. 3.35 600 W/cm

68

BWR

600 W/cm rz Fig. 3.24

BWR 1 Fig. 3.25 600 

W/cm r rz Fig. 3.26 600 W/cm 26

BWR 2 Fig. 3.36

600 W/cm r rz Fig. 3.37 600 W/cm 68

600 W/cm 0.2

1 Fig. 3.38 200 W/cm

Fig. 3.39 400 W/cm Fig. 3.40 600 W/cm r rz

Fig. 3.41 200 W/cm 100 Fig. 3.42 400 W/cm

100 Fig. 3.43 600 W/cm 95

2 Fig. 3.49 600 W/cm r rz

Fig. 3.50 600 W/cm 100

3 Fig. 3.54 600 W/cm r rz

Fig. 3.55 600 W/cm 100

1 BWR
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Table 3.5 HTC 3

TC1 3 TC1 3

600 W/cm 100

HTC1 HTC2 Fig. 3.40

TC4 TC5 BWR

1 86˚C 47˚C 600 W/cm

2 600 W/cm

1 mm 1 20˚C

30˚C Table 3.9 Fig. 3.49

3 600 W/cm 7.33 MPa 15 MPa

289˚C 342˚C

1 50˚C Table 3.9 Fig. 3.54

1 r rz Fig. 3.44

200 W/cm 100 Fig. 3.45 400 W/cm 100 Fig. 3.46

600 W/cm 95 2 r

rz Fig. 3.51 600 W/cm 100

3 r rz Fig. 3.56 600 W/cm

100

2 1

Fig. 3.51

1 Fig. 3.47 600 

W/cm r rz Fig. 3.48 600 W/cm 95

2 Fig. 3.52 600 

W/cm r rz Fig. 3.53 600 W/cm 100

1 2 7.33 MPa

600 W/cm 1 14 mm

TC4 0.6 100
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0.9

2 16 mm TC4

0.1

2 mm

3 7.33 MPa 15 MPa

600 W/cm

Fig. 3.57 BWR 1

1 3

Table 3.9 HTC1 3

Fig. 3.37 HTC1 3 200, 400, 600 W/cm

7.3 MPa 289˚C 15 MPa 342˚C

BWR
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ACE-3D

ACE-3D

ACE-3D JMTR BWR

ACE-3D BWR

ACE-3D

ACE-3D

BWR 7.3 MPa PWR 15 MPa ACE-3D

200, 400, 600 W/cm 7.3 MPa BWR

ACE-3D
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Table 3.1 BWR

m3/h 1.9

W/ cm2 K 2.33

˚C

MPa 7.33 BWR

cm3/s 0.9

˚C 40

W/cm 200, 400, 600  

W/g  2.2 Table 3.3

7

Table 3.2

Ni 8.9 g/cm3  MgO 3.9 g/cm3

˚C W/ m K J/ kg K W/ m K J/ kg K

300 90.5 439.06 60.5 921.98 

350 50.7 988.85 

400 80.1 490.52 43.1 1055.72 

500 26.6 1126.18 

600 65.5 590.19 9.93 1171.58 

700 65.3 517.61 

800

1,000 71.8 556.11 
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Table 3.3

W/g
mm

1 W/g 2.2 W/g

400 0.26 0.57 

375 0.30 0.66 

350 0.35 0.77 

325 0.40 0.88 

300 0.46 1.01 

275 0.51 1.12 

250 0.56 1.23 

225 0.62 1.36 

200 0.67 1.47 

175 0.73 1.61 

150 0.78 1.72 

125 0.83 1.83 

100 0.87 1.91 

75 0.91 2.00 

50 0.94 2.07 

25 0.96 2.11 

0 0.98 2.16 

25 0.99 2.18 

50 1.00 2.20 

75 1.00 2.20 

100 1.00 2.20 

125 0.98 2.16 

150 0.96 2.11 

175 0.93 2.05 

200 0.90 1.98 

225 0.86 1.89 

250 0.82 1.80 

275 0.77 1.69 

300 0.71 1.56 

325 0.65 1.43 

350 0.58 1.28 

375 0.50 1.10 

400 0.43 0.95 
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Table 3.4 BWR

No. W/cm mm MPa
1 200     

2 400 12.26 7.33

3

BWR

600     

Table 3.5 BWR

˚C

 200 W/cm 400 W/cm 600 W/cm 

296.0 300.0 303.0 
HTC1 

283.6 300.2 303.6 

286.0 292.0 292.0 
HTC2 

291.3 300.3 304.1 

292.0 300.0 302.0 
HTC3 

291.7 300.1 303.4 

142.0 202.0 231.0 
TC1

156.4 202.5 259.6 

142.0 199.0 238.0 
TC2

156.2 219.5 233.8 

127.0 179.0 218.0 
TC3

137.1 189.0 198.9 

TC4 126.4 188.1 241.1 

TC5 126.7 187.8 225.4 
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Table 3.6

m3/h 1.9

W/ cm2 K 2.33

˚C

MPa 7.33, 15 7.33 MPa BWR 15 MPa PWR

cm3/s 1

˚C 40

W/cm 200, 400, 600  

W/g  2.2 Table 3.3

7

Table 3.7 BWR

No. W/cm mm MPa
1 200  

2 400 

3

BWR
1

600

4 200  

5 400 

6

BWR
2

600

9.5 7.33

Table 3.8

No. W/cm mm MPa
1  200    

2 1 400   

3  600 9.5 

4 2 600   

7.33

5 3 600   15
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Table 3.9 BWR

˚C

200 W/cm 400 W/cm 600 W/cm

BWR 1 292.8 301.7 304.9 
BWR 2 292.8 301.6 304.7 

HTC1 1 296.4 301.8 304.7 
2  302.4 
3  354.3 

 BWR 1 295.2 301.8 304.8 
 BWR 2 292.8 301.6 304.5 

HTC2 1 295.5 301.9 304.8 
2  302.8 
3  354.6 

 BWR 1 295.7 301.8 304.6 
 BWR 2 294.0 301.6 304.4 

HTC3 1 294.1 301.8 305.1 
2 302.9 
3  355.0 

BWR 1 167.4 225.0 246.9 
BWR 2 147.1 222.2 196.0 

TC1 1 118.4 161.8 204.3 
2 174.3 
3 208.1 

BWR 1 154.9 200.7 230.9 
BWR 2 151.4 202.5 221.4 

TC2 1 100.9 135.4 174.1 
2 152.8 
3 173.5 

BWR 1 130.9 170.0 187.6 
BWR 2 126.5 160.5 184.0 

TC3 1 85.5 117.4 149.9 
2 130.5 
3 147.9 

BWR 1 120.2 228.7 202.1 
BWR 2 120.4 205.0 239.4 

TC4 1 210.3 274.4 288.1 
2 284.9 
3 323.2 

BWR 1 119.1 216.8 213.8 
BWR 2 115.4 226.5 232.7 

TC5 1 167.7 227.2 260.8 
2 272.1 
3 298.2 
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Fig. 3.1 BWR
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Fig. 3.2 BWR
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Fig. 3.3 BWR

200 W/cm

Fig. 3.4 BWR

400 W/cm
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Fig. 3.5 BWR

600 W/cm

Fig. 3.6 BWR

200 W/cm 100
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Fig. 3.7 BWR

400 W/cm 100

Fig. 3.8 BWR

600 W/cm 23
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Fig. 3.9 BWR

200 W/cm 100

Fig. 3.10 BWR

400 W/cm 100
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Fig. 3.11 BWR

600 W/cm 23

Fig. 3.12 BWR

600 W/cm

�����������������������

����



28

Fig. 3.13 BWR

600 W/cm 23
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Fig. 3.14
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Fig. 3.15
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Fig. 3.16 BWR 1

200 W/cm

Fig. 3.17 BWR 1

400 W/cm
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Fig. 3.18 BWR 1

600 W/cm

Fig. 3.19 BWR 1

200 W/cm 100
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Fig. 3.20 BWR 1

400 W/cm 100

Fig. 3.21 BWR 1

600 W/cm 26
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Fig. 3.22 BWR 1

200 W/cm 100

Fig. 3.23 BWR 1

400 W/cm 100
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Fig. 3.24 BWR 1

600 W/cm 26

Fig. 3.25 BWR 1

600 W/cm
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Fig. 3.26 BWR 1

600 W/cm 26

Fig. 3.27 BWR 2

200 W/cm
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Fig. 3.28 BWR 2

400 W/cm

Fig. 3.29 BWR 2

600 W/cm
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Fig. 3.30 BWR 2

200 W/cm 100

Fig. 3.31 BWR 2

400 W/cm 100
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Fig. 3.32 BWR 2

600 W/cm 68

Fig. 3.33 BWR 2

200 W/cm 100
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Fig. 3.34 BWR 2

400 W/cm 100

Fig. 3.35 BWR 2

600 W/cm 68
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Fig. 3.36 BWR 2

600 W/cm

Fig. 3.37 BWR 2

600 W/cm 68
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Fig. 3.38 1

200 W/cm

Fig. 3.39 1

400 W/cm
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Fig. 3.40 1

600 W/cm

Fig. 3.41 1

200 W/cm 100
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Fig. 3.42 1

400 W/cm 100

Fig. 3.43 1

600 W/cm 95
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Fig. 3.44 1

200 W/cm 100

Fig. 3.45 1

400 W/cm 100
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Fig. 3.46 1

600 W/cm 95

Fig. 3.47 1

600 W/cm

�����������������������

����



47

Fig. 3.48 1

600 W/cm 95

Fig. 3.49 2

600 W/cm
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Fig. 3.50 2

600 W/cm 100

Fig. 3.51 2

600 W/cm 100
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Fig. 3.52 2

600 W/cm

Fig. 3.53 2

600 W/cm 100
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Fig. 3.54 3

600 W/cm 15 MPa

Fig. 3.55 3

600 W/cm 15 MPa 100
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Fig. 3.56 3

600 W/cm 15 MPa 100

Fig. 3.57

BWR -1 

-1 

-2 

-3 
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