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Development of Analytical Method for Evaluating
FBR Core Outlet Tempetature Fluctuation

Toshiharu Muramatsu®*, Isamu Maekawa*,

Hisashi Ninokata* and Tadao Aoki%*
Abstract
The NJS3D computer code has been developed to analyze sodium

temperature fluctuation at the outlet region of FBR subassemblies and

applied to Experimental Fast Reactor JOYO. Sodium tempeféture fluctua-

‘tion causing high cycie thermal fatigue in the upper core structure is

known as thermal striping. This code development work is in the pre-

liminary stage and the code should serve as prototypical evaluation tool

for the integrities of structures.

The code verification study has been carried out making use of the

following expériments:
» i)‘Simple tube model, and
ii) 7-assemblies mock-up model.

As for i), the comparison of the analysis with the‘experiment is
good. The mesh effects on temperature fluctuation are negligible for
mesh scale 1.5 mm/mesh. As for ii), temperature fluctuation with flow
ratio B=1.06 is overestimated, and one with flow ratio B=0.39 is
underestimated. :

The code has been applied to JOYO MK-IL irradiation core and the
maximum temperature fluctuation in the CMIR upper region is predicted

to be 97°C.

* Reactor Engineering Section, FBR Safety Division, OEC. PNC.
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Table 4,1 The calculation condition for cylindrical tube model {
. ‘ -

1. Geometry refer to Figure 4.1 [
b

2. Coordinate system ‘R-Z-8 E,
3. Mesh No. on R-axis 50, 30, 15, 5 L
i

on Z-axis 35 8

on 6-axis 5 _ ' g

. | ' g
4, Boundary condition ‘ No-slip without heat transfer £
5. 1Inlet mean velocity 0.55 m-s~!, 1.03 m-s~! and i
| 2,91 m-s~! :

6. Inlet mean temperature refer to Figures 4.2 to 4.4 o j
on radial : g

7.  Turbulence model k-¢ and eddy diffusivity models f
8. Acceleration value 1.9 | ,f
9. Convergence criterion 10-3 i
'
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Table 4.2

1. Geometry

2. Coordinate system

3. Mesh No. on X-axis
on Y-~axis
on Z-axis

4. Boundary condition

5. 1Inlet mean velociéy

6. Inlet mean temperature

7. Turbulence model

8. Acceleration value

9. Convergence criterion

The calculation condition for mock-uped assemblies model

refer to Figure 4.21

X~-Y-Z

50
50
35

No-slip with heat transfer through
flow tube wall

refer to Figure 4.15

refer to Figure 4.15

k~e model

1.8

10-3

~~~~~~
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Table 4.3 Comparison df calculated results with measured results
on B=1,06 condition

» T/C ©+ Mean temperature " Fluctuation
Plane No. :
Meas. | Cal. | Cal./Meas. Meas. Cal. |Cal./Meas.
| 41 0.3 | 1.4 4.7 0.0 | %0.01
. 5| 7.7 | 6.9 0.9 | +0.5,-0.7 £0.5 1.0,0.7
6 | 7.4 | 7.5 1.0 +0.5,-0.8 | 0.3 0.6,0.4
71 0.3 | 0.8 2,7 0.0 | *0.0
8 | 0.5 |-2.3 4.6 | 0.0 | 0.0
24 | -0.3 | 0.5 | -1.7 0.0 | o0.01
9| 0.5 | 1.1 2.2 0.0 | *0,02
10 | 2.2 | 3.4 1.5 | +2.0,-1.2| #4.4* | 2.2,3.7
11| 7.8 | 7.5 | 1.0 0.0 | 0.0 |
Y | 25| 8.5 | 8.4 1.0 0.0 | 0.0
12| 7.9 | 7.5 0.9 0.0 [:0.0
13 | 2.2 | 2.6%] 1.2 +1.1,-1.2 | £5.5% | 5.0,4.6
14 | 0.0 | 0.9 0.0 0.0 0.0
26 | 0.4 | 0.9 | 2.3 0.0 +0.02
15 | 0.3 | 0.6 2.0 0.0 £0.02
16 | 0.4 | 0.1 0.25 0.0 | 0.0
17 | 0.6 | 1.1 1.8 | 0.0 |=%0.0
18 | 3.5 | 3.6* 1.0 0.7 | #1.2" 1.6
19 | 8.0 | 7.6 1.0 | 0.0 | 0.0
z 20 | 7.8 | 6.5 0.8 0.0 £0.01
21 | 2.4 | 2.4 1.0 £0.5 | 0.8* 1.6
22 | 0.0 | 0.6 0.0 | 0.0 |=20.02
23 | 0.3 |-0.3 1.0 0.0 | 0.0
* averaged value , unit ; °C
- 20— 3
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Table 4.4 Comparison of calculated results with measured resultq
' on $=0,39 condition
Mean temperature Fluctuation
Plane ;éc - v :
' " | Meas. | Cal. | Cal./Meas.,| ' Meas. Cal. | Cal./Meas,
4| 3.5 | 6.9 2.0 +2.7,-2,0 | 1.5 0.6,0.8
5 | 11.5 | 10.0 0.9 +8.0,-5.7 [ 3.1 | 0.4,0.5
X 6 | 16.4 | 12.7 0.8 | +5.1,-7.5 [#2.1 | 0.4,0.3
7| 0.9 | 5.8 6.4 | +2.2, 0.0 20.8 | 0.4,0.0
8| 0.6 | 1.5 2.5 0.0 | =*0.01
24 | 0.6 2.7 4.5 0.0 +0.01
9 | 1.3 | 3.1 2.4 0.0 +0.01
10 | 6.6 | 7.1* 1.1 | +3.3,-2.4 | +1.8* | 0.5,0.8
11 | 6.6 | 7.5 1.1 +4.0,-2.2 | +1.2 0.3,0.5
Y 25 | 4.9 | 7.3 1.5 [ +8.0,-2.7 [%3.8 | 0.5,1.4
12 | 8.8 | 6.3 0.7 | +7.5,-4.6 | 4.3 | 0.6,0.9
13 9.3 6.9% 0.7 +3.5,-3.1 | #2.2* | 0.6,0.7
14 | 0.8 | 2.3 2.9 0.0 +0.01
26 | 0.4 | 1.5 3.8 0.0 | :0.06
15 | 0.4 | 1.2 3.0 0.0 0,01
16 | 0.9 | 1.7 1.9 0.0 |:0.1
17 | 1.3 | 2.3 1.8 0.0 0.3
18 | 7.5 | 4.4 0.6 | +1.3,-2.0 | #1.0% | 0.8,0.5
19 | 5.7 | 2.9 0.5 1.3 | +0.2
2l 20| 42 | 2.7 0.6 +1.1 0.2
21 | 6.2 | 4.2% 0.7 | 41.8,-2.7 | +0,9* | 0.5,0.3
22 | 0.4 | 1.3 3.3 0.0 |0.1 -
23 | 0.4 | 2.7 6.8 0.0 0.1
* averaged value , unit ; °C
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Figure 3.2 Overall Flow Chart of the NJS3D Code
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FLOW PATTERN AT CMIR REGION (K-E MODEL)
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