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A Study of Heat Transfer Characteristics of Large Scale Vortex Flow
Mixing Vane of Nuclear Fuel Rod Bundle

Jeong Soo An and Young Don Choi
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Abstract

Mixing vanes have been installed in the space grid of nuclear fuel rod bundle to improve turbulent
heat transfer. Split mixing vanes induce the vortex flow in the cooling water to swirl in sub-channel of
fuel assembly. But, The swirling flow decays rapidly so that the heat transfer enhancing effect limited
to short length after the mixing vane. In thé present study, the large scale vortex flow(LSVF) is

generated by rearranging the mixing vanes to the coordinated directions.

This LSVF mixing vanes

generate the most strong secondary flow vortices which maintain about 35 Dy after the spacer grid.
The streamwise vorticity generated by LSVF sustain two times more than that split mixing vane. Heat
transfer in the rod bundle occurs greatly at the same direction to cross flow, and maximum temperature

at the surface of bundle drops about 1.5K

i :10
b o
rh €
s
lo
e g
P
o 2 Py

i
2
re
o
)
o
ku
o<
d
& oxow
ot o off
fol

2 =
LI
o
do ol X ot o o
o%

f
o Ml
>~
>
op
o
X
<
A
)
i
2
off du X N

t AYAA, 9, nedsn g
E-mail : anjsoo42@hotmail.com
TEL : (02)926-5908 FAX : (02)926-9290

* 3|9, syuysta JAF G

7 AF S

£Fe 5247 9EY 529 GHYE 34
A #HEA FEAGOR A8 FEEUS
F7MA7IE Bk,

A AR EFIAY A2 e Bl B
e F3Moz eue 9% 45 P
A8 FPn Qo A5y AAYL

R oo
Mo Yo i b ox
L 2o Xl

B WY YoM Fsojol ) E
A Mz HAlS 2AL doslm
2

Ko
dak w9 45
o

b
(-«O
P

-4 (Critical heat

flux)Z271< o718t 48l E(film boiling)ol] 2} s
OlFHES BANIT ok daBY FEow
AZ"T mekd I WA eEoA d=
B EW Huexrt we4s dage dui
gn7} folate gaze] eMdofEI FAH
2, da® A FUen: dxE odd ed
# AR 2e F Jv AnY diSl @
A Re Fad seves) Ao



oft
N
X
o

L= = I =]
A5 PE

314t} Karoutas
A

factor)E FASFH I, In
vane) 2 A|otato]
asv 7)|E9
g wENZoRA B4
ko R R ot o]
B2 AA a1y 23 dFE
AMEZE Ade LSVF Eg/E Agstn
A g =93 £33

Ao 2 A LSVF TGy

B,

N

o
Lo

>

2.1 thy 2xtetR =2EIi Y
71&9] split FeEpe] Eeile Roy=
FE LAY o] gk Fol e
YFE dold Z(length scale)’} WH3|
H2 Adr o] Zgdsld ot
Aadst dAd MA@t =
d ENE dodd AxZFHAe H3H
of 3l ol % WaElEo] wWolxA
28 T Z7HAN7E 89lo] "),
FER g9 fFo] ujA ol

FE5<Q WAFF(cross flow)2] W37 &
Rezel REzzh] 4R Fxad
g 532 A /A4 F Q490 9
o Mgk HE] F(swri)E AN &
FE AA ddted AA
tdlEe g dAG Wk
27 9} (Large
ol\;}_‘

AA
w

ox of\

2o N ook o
A VR T

L

o]
=

=
=

_—

Z

g

L

L

AA

> Mo
2

Scale Vortex
Park®& o]

FrE S4

Flow, LSVR)&
LSVFo 23 4

L}

1 %
SFE

=

2RYAN A o) 2o

o
o

Fig. 1 Schematic figure of split mixing vane

swirl flow

e (@)
ololcblolo
y R gOlooooo
I v p 8000000

Fig. 2 Schematic figure of LSVF mixing vane &
Large Scale Vortex flow
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Table 1 Rod bundle channe! data
Rod Diameter (mm) D
Rod Pitch (mm) P 13.3
L
H

Spacer Grid Pitch (mm) 720
Housing (mm) 853
Hydraulic Diameter (mm) Dy 12.09
Reynolds Number Re 61,400
Upsteam Bulk Temperature (°C) | T 296
Fuel Rod Heat Flux (KW/m’) Q 567.039
Vane Bending Angle (degree) « 30
1 L J . 3
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(a) Configuration and dimension of domain
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Fig. 3 Computational domain
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Table 2 Turbulence model constance

3 O ar Ty Ca Ce

0.09 | 0.82 1.3 1 0.85 1.44 1.83
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34 1.8 4.2 0.8 1.3 1.25 0.4
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Fig. 9 Maximum temperarure variation of each
Fuel rod

Table 3 Maximum, minimum fuel rod surface

temperature
Max Min AT
LSVF 610.02 599.71 10.31
Split 611.66 600.39 11.27
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Fig. 10 Azimuthal Temperature distribution on fuel
rod #33
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