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Water Experiments on Thermal Striping Phenomena at the Core Outlet of
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(1) Proposal of Countermeasures to Mitigate Temperature Fluctuations
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A design study of an advanced sodium-cooled fast reactor (Advanced-SFR) has been conducted in Japan
Atomic Energy Agency (JAEA). Hot sodium from the fuel assembly can mix with cold sodium from the control
rod (CR) channel and the blanket assemblies at the bottom plate of the Upper Internal Structure (UIS).
Temperature fluctuation due to mixing of the fluids at different temperature between the core outlet and cold
channel may cause high cycle thermal fatigue on the structure around the bottom of UIS. A water experiment
using a 1/3 scale 60 degree sector model simulating the upper plenum of the Advanced-SFR has been
conducted to examine countermeasures for the significant temperature fluctuation generated around the bottom
of UIS. In this paper, we focused on the temperature fluctuations near the primary and backup control rod
channels, and studied the countermeasure structure to mitigate the temperature fluctuation through temperature
distribution and flow velocity distribution measurements. As a result, effectiveness of the countermeasure to
mitigate the temperature fluctuation intensity was confirmed. And we obtained knowledge to avoid high cycle
thermal fatigue that can be applied in the design of the reactor.

Keywords: Thermal Striping, High Cycle Thermal Fatigue, Sodium-cooled Fast Reactor, Upper Internal Structure,
Particle Image Velocimetry
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Fig. 1 Overview of reactor vessel of Advanced-SFR
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Fig. 2 Thermal striping phenomena at the core outlet
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Table 1 Test cases and conditions

(Temperature Measurement Case)

Test Case | Measuring Outlet Flow Velocity Re
Position Temp. in HH.
[*C] [mvs]
Common FA 347 1.60 7.2x10*
(Inside)
Case-P1 PCR 20.6 0.33 3.7x10°
Case-P2 PCR 19.1 0.16 3.1x10°
Case-P3 PCR 19.6 0.17 3.2x10°
Case-Bl BCR 19.8 0.06 1.6x10°
Case-B2 BCR 18.7 0.06 1.6x103
Case-B3 BCR 19.6 0.06 1.7x103
Table 2 Test condition for Case-P4/B4
(Flow Velocity Measurement Case)
Test Case | Measuring Outlet Flow Velocity Re
Position Temp. in HH.
[*C] [mvs]
FA 364 1.59 7.4x10*
Case-P4 (Inside)
PCR 36.8 0.16 4.5x10°
FA 21.7 1.59 5.4x10%
Case-B4 (Inside)
BCR 22.1 0.06 1.7x10°
Table 3 Countermeasures
CIP-H.H. Expand SetFlow | Modify CIP
Case Distance Flow Holes at Flow
[mm] Area at CR Guide Hole
CRHH. Tubes Shape
Case-P1 18
Case-P2 36 o 0] 0]
Case-P3 50 (¢} (0] (0]
Case-P4 50 o 0] 0]
Case-B1 18
Case-B2 36 o
Case-B3 50 0]
Case-B4 50 o
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