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Flow Visualization on A Natural Circulation Inter-wrapper Flow

— Experimental and Numerical Results under A Geometric Condition of Button Type Spacer Pads —

A. YASUDA*, H. MIYAKOSHI*, K. HAYASHI**,
M. NISHIMURA*, H. KAMIDE* and K. HISHIDA ***

Abstract

Investigations on the jnter-wrapper flow (IWF) in a liquid metal cooled fast breeder reactor
core have been carried out. The IWF is a natural circulation flow between wrapper tubes in
the core barrel where cold fluid is coming from a direct heat exchanger (DHX) in the upper
plenum. It was shown by the sodium experiment using 7-subassembly core model that the
IWF can cool the subassemblies. To clarify thermal-hydraulic characteristics of the IWF in
the core, the water experiment was performed using the flow visualization technique. The test
rig for IWE (TRIF) has the core simulating the fuel subassemblies and radial reflectors. The
subassemblies are constructed featuring transparent heater to enable both Joule heating and
flow visualization. The transparent heaier was made of glass with thin conductor film coating
of tin oxide, and the glass heater was embedded on the wall of modeled wrapper tube made of
acrylic plexiglass.

In the present experiment, influences of peripheral geometric parameters such as flow
holes of core formers on the thermal-hydraulic field were investigated with the button type
spacer pads of the wrapper tube. Through the water tests, flow patterns of the IWF were
revealed and velocity fields were quantitatively measured with a particle image velocimetry
(PIV). Also, no substantial influence of peripheral geometry was found on the temperature
field of the IWF, as far as the button type spacer pad was applied.

Numerical simulation was applied to the experimental analysis of IWF by using multi-
dimensional code with porous body model. The numerical results reproduced the flow
patterns within TRIF and agreed well to experimental temperature distributions, showing
capability of predicting IWF with porous body model.

* Reactor Engineering Group, Sodium and Safety Engineering Division, O-arai Engineering
Center, Japan Nuclear Cycle Development Institute.
** Research and Development Coordination Section, O-arai Engineering Center, Japan Nuclear
Cycle Development Institute.
**+ Department of System Design Engineering, Keio University
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Table3.1 Experimental parameters
Geometry parameters Heat flux Flow rate of DHX
Case number Case name , .
Spacer pad Flow holes Bypass line (W/m] [ 8 /min]
1 BT-CF-NP-1.35 Button type O X 1480* 20x4
(1350)**

2 BT-CF-NP-1.5 Button type O X 1600 20%x4
(1500)

3 BT-CF-NP-2.0 Button type @) X 2130 20%x4
(2000)

4 BT-CF-NP-2.0d Button type @) X 2130 10x4
(2000)

5 BT-NC-NP-1.35 Button type X X 1430 20x4
(1350)

6 BT-NC-NP-1.5 Button type X X 1580 20x4
(1500)

7 BT-NC-NP-2.0 Button type X X 2090 20x4
(2000)

8 BT-NC-PI-1.35 Button type X @) 1410 20x4
(1350)

9 BT-NC-PI-1.5 Button type X O 1540 20x4
(1500)

10 BT-NC-PI-2.0 Button type X O 2040 20x4
(2000)

* Measured data
** Planned value
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JNC TN9400 99-072

Table 5.1 Computational cases

Case Geometric parameters Heat | Temperature of DHX

Num. Case name flux secondary side (°C)

Spacer | Flow holes | Bypassline | (w/ni) | Inlet | Outlet| Mean

BT-CF-NP-2.0 Yes No 2132} 1236 14.02| 13.19
7 |BT-NC-NP-2.0 Button type No 2093 12.44] 14.05] 13.25
10 |BT-NC-PI-2.0 Yes 2042| 12.55| 14.15] 13.35

Case name descriptions (4 items (X1-X2-X3-X4) )
- X1 —
BT : button type spacer pad
- X2 —
CF : Core former with the flow holes
NC : Core former without the flow holes
— X3 —
PI : IWF bypass line is opened
NP : IWFbypass line is closed
— X4 —
2.0 : Heat flux of 2000 W/m® and DHX flow rate of 80 /min
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Fig.4.5 Measured temperature profiles in vertical direction(Case5,1and8)
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Fig.4.6 Measured temperature profiles in vertical direction(Case6,2and9)
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Fig.4.7 Measured temperature profiles in vertical direction(Case7,3and10)
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Fig.4.10 Temperature fluctuation intensity profiles in vertical direction (Case7,3and10)
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Fig. 5.3 Mesh arrangement in horizontal section-2
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