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1. Introduction
Fig. 1 shows computational grid system of analysis
Managing the spent fuel arising from nuclear power model. Blue circle and yellow circle represent mott
plants until its disposal is an important stephefuclear  wire, respectively. Red circle represents fluid dom
fuel cycle and constitutes the so-called back &phd[ contains rod and wire. Computational grid system is
Sodium-cooled Fast Reactor (SFR) can address theonstructed so that rods and wires are in line amnt
stockpile of the spent nuclear fuel produced during ANSYS CFX is used for analysis and SST turbulence
nuclear power generation [2]. Therefore, SFR isohe model is adopted for this simulation. Table Il sksow
the ways to managing the spent fuel that studies ar boundary conditions of this simulation.
conducted by many researchers. Generally, the fuel |
assembly of the SFR system consists of long amd thi
wire-wrapped fuel bundles and a hexagonal duct, in
which wire-wrapped fuel bundles in the hexagonhktu
has triangular loose array [3]. The main purposzwire
spacer is to avoid collisions between adjacent .rods
Furthermore, a wire spacer can enhance conveatiae h
transfer due to the secondary flow by helical typee
spacers. The wire makes the flow inside the fuebibas
complicated by creating a vortex structure by flow
separation over the wire [4]. To understand the §
characteristics of flow and heat transfer, analyzine
vortex structure is necessary. In this study, nicaér
analysis is conducted, and vortex visualizationhoet
is developed to determine the characteristics ofical
flow generated in 61-pin wire-wrapped fuel assembly Table II: Boundary Conditions
that is down scaled experimental facility for thatm
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. 1. Computationalid system of analysi odel

hydraulic experiment of PGSFR. Paramete Value [Unit]
Inlet temperatur 335.1¢[K]
2. Numerical methodology Inlet mas: flow rate 15.<[kg/s]
Working fluid Wate
2.1 Analysis Model Turbulenci mode SS1

Analysis model for this study is experimental 6m-pi 2.2 Vortex Visualization Method
wire-wrapped fuel bundle in KAERI [5]. Table | shew
geometrical parameters of the analysis model. TheUsing the vortex identification method developed by
simulation results were validated with experimental Sawada in 1995, the vortex structure inside theeltep

results that is pressure drop and Nusselt number. was visualized using the singularity theory, the
probabilistic definition of vortex structure andettesults

of computational fluid analysis [6]. In additionhet

Table I: Geometry Parameters of Analysis Model visualized vortex core was colored with normalized

Paramete! Value [Unit] helicity to visualize the rotation direction of thertex.
Roc diamete (D) 8 [mm] Normalized helicity is defined by (1).nt6 Normalized
Totalrod lengtf (L) 1,50C[mm] helicity and{ is an absolute vorticity vectory is a
Wire diamete (Dw) 1[mm] relative velocity vector. This value has the follog
Wire leac lengtt (H) 238.¢[mm] physical meaning.
Roc pitch (P/D) 1.14[-]
H/D 29.86 -] H=Zw/(|¢l lol) ()
L/H 6.2€[-]
Wall gaf 1.1Zz[mm] H, > 0: Rotate and move axially according to the ldw o

the right hand.

2.2 Computational Grids and Boundary Conditions Hn = 0: Stagnation and rotation.
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Hn < 0: Rotate according to the law of the right hand
and move in the opposite direction of the axial
direction.

3. Analysisof vortical flow structurein fuel assembly

Fig. 2 shows vortical flow structures of fuel asedm
sub-channel. Vortex core is visualized by usingtesor
visualization technique and the surface streandiméhe
cross-sectional plane of 750mm, 775mm, 800mm
825mm is plotted in Fig. 2. As shown in Fig. 2, thelti-
scale vortical flow structures are developed inl fue
assembly sub-channel. The red line indicates corne
vortex structure and blue line indicates edge worte
structures. Corner vortex and edge vortex strustare
closely related with relative position between thect
wall and the wire spacer.
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Fig. 2. Vortex core d|str|but|on and surface strizaen

Fig. 3 and Fig. 4 shows tangential and axial vé&joci
distribution in fuel assembly, respectively. Assinan
Fig. 3 and 4, edge and corner sub-channel have a
high axial velocity and tangential velocity thameirior
sub-channel. The reason of higher velocity incredse
edge and corner sub-channel is friction betweed flu
and rods and wires around interior sub-channel.
Therefore, axial and tangential velocity increaiggér
at edge and corner sub-channel than interior sub-
channel. This means that vortex structures inddreed
corner and edge sub-channel are bigger than vortex
structures induced from interior sub-channel argrove
heat transfer performance.
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Fig. 3. Tangential velocny distribution in fuelsasnbly
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Fig. 4.Axial velocity dlétrlbutlon in fueI assembly

4. Conclusion

In this study, vertical flow structures are visaali by
using vortex visualization technique and vertidaf
structures in 61-pin fuel assembly. In edge andheor
sub-channel, vortex induced by developing of seaond
flow after wire spacer. As a result, it is obseredde and
corner vortex structures is closely related witlatiee
position between the duct wall and the wire spacer.
Therefore, edge and corner vortex structures ahecid
regularly by axial position is changing and imprdneat
transfer performance of fuel assembly.
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