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Telecentric PIV measurement of lateral flow in rod-bundle fuel assembly

WU Zenghui ZHI Zheng QU Wenhai CHEN Shilong XIONG Jinbiao

(School of Nuclear Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract [Background] Mixing vanes are set on the spacer grids of bundle fuel assembly to promote the lateral
mixing of pressurized water reactors (PWRs). Hence, the lateral flow downstream of the spacer grids is an important
element to measure its thermal-hydraulic performance. [Purpose] The study aims to tackle the challenge of
measuring lateral flow using visualization method. [Methods] A telecentric optical system was employed in the
particle image velocimetry (PIV) measurement to efficiently reduce the distortion of the image. In addition, the
fluorinated ethylene propylene (FEP) tube was utilized as the matched-refractive-index material of the work fluid in
the measurement area to minimize the focusing effect after the transparent rods and realize the uniform illumination
of the whole section of the rod bundle. Calibration and lateral flow measurement were conducted to evaluate its
performance. [Results] Experimential results show that the lateral flow and vortices can be well obtained on the
whole cross section of the 5x5 rod bundle by PIV telecentric measurement. [Conclusions] The measured flow fields
indicates that the dominant effect of the mixing vanes on the lateral flow 5D, downstream and its effect decays
further downstream.

Key words Particle image velocimetry, Telecentric optical system, Matched index of refraction, Spacer grid, Lateral

flow

5% H A B2 5 42 (No.51676120) T Bl

R RIGHE, 55, 19934, 2017 SERAL T B SGE R, BUNEREWETE AL, BN MHER TR 3wt

JBEEE: REHUERR, E-mail: xiongjinbiao@sjtu.edu.cn

ek . 2018-05-29, &I H I 2019-02-28

Supported by National Natural Science Foundation of China (No.51676120)

First author: WU Zenghui, male, born in 1993, graduated from Shanghai Jiao Tong University in 2017, master student, focusing on study of reactor
thermo-hydraulic

Corresponding author: XIONG Jinbiao, E-mail: xiongjinbiao@sjtu.edu.cn

Received date: 2018-05-29, revised date: 2019-02-28

080603-1



% AR

2019, 42: 080603

JE /K HERE SRR A v FE 7 1) b2 e T
FERIRE IR . TEAIAG AL B AT P IR 3 DA i TR TA] 1
MR AT TR, 8 iR 4 AR, DR, 5 A A 28 T T s 1)
T 70 AT S A% S N HE I B A% AT 78 i OB e . H
T EE AR TV AL I 37 4 At 6 Z0R FH 5
38 7 vEDN B e M AL MRS . BT TR ARR
Sy 0D = 7 38 A AL R 06 2 3 8 I E (Laser
Doppler Velocimetry, LDV) Al i 5 & & Il & ¥
(Particle Image Velocimetry, PIV) . H T # 5 JL 1]
ZER R, LDV X LA 15 2 i 5 B2, B
LDV Jy i s I &, sl A e . PIV & ) 301
H W] SE N i S 1 Ik IS JH . MeClusky 5555 H
PIV il 515 3 ML B -3l JE N R 5 B (H T
SIS R TR A BLER, 2 T IEIE N
GrAT, BN BB AR B BAA ORI R 22, i g A7
FERCRRZE . JABH S PIV B 7T 2x2 #R AUE
RS SR T A 7] 3t b BE A VR I S A A AR AL AT
AR Br CCD MFLIIAL M RN . Hille %'4E PIV
IOk, A B FEAS T CCD AHHL IR A1 2L
JSL, PG =T A 5 A7 R 2R T Ui AN [R) Al ) o7 B AL A
) AV 3 A, (B FH R RO LI A T, 557K
9T 5 2 22 R UK, S BUBOGAE W B T B4 A A
157 38 BB R AN I A e 7 5l o 25 SRAFAE
BRIRE

1% 15 5T A S S AR I 14325 BH A R R
R AT R0 B PIV UL 37 0 58 47 S 238 22 St RAONE 36 )
ANFRIN B o DRI, AR S 56 R B g A &0 TR A
LW (Fluorinated Ethylene Propylene, FEP) &/{E
N5 IKBEAT HT S FAME AR, Gl OBk, E B
VEAR T A0 AR RN I 3 A R, SR T a0 PIV I
E DA% 2L R Ui 5D, A 10D, A ) 4937 -

1 SERE

5x5 HE PR S IGBE B A I 1 P, 2 B KPR .
SO A, KA SRR TR (B R BRI R BT
KOG E R, A K 7RG E T S5 B
Jai » IR BIK o S0 B A ML 3 B8 18 A FEP &R
e SR 4H i, FEP A4 R4 3 2% 54 1.338 (25 °C), /K1)
it 8 1.333 (25 °C) , & HT 5 R UCHC ROR AT
S R 1 R E AN 9.5 mm, B R R B N
12.6 mm, FiBiE/K 1 EA2(D,) N 11.78 mm. FEP#
£ 300 mm, AT 78 55 78 A7k RV B Tl T i O~
25D, WY 45 0 P il i AN S AN AR S R R
SCPER [ 58 A%

Dantec-PIV R 4t 0 & B 4% « HL faf 3 & 45 1F
(Charge Coupled Device, CCD) # #l

DynamicStudio {7 & Al Ag FE R P 88 55 . ok
NN : YAG UK 06 2% ik Be &8 135 mJ, &
53 9 % Y5 Bl 9 1~15 Hz. FlowSense EO 4M-32 7l
CCD FIHL, 0 HER N2 072x2 07218 &, AR R R ~F
(d) 9 7.4 um, (= 4% F 505 4 %6 24 32 Hz, Tokina
AT-X M100 PRO D A ) #H ML 8% Sk 2 05 (H M
100 mm. DynamicStudio #4157 K i [A] 32 42 %
LG, B K EG A EE . mofs R D 28 mT
PRAE TS AL CCD AHHLFN B 2% = K B (7%107" s)
[ TAE. 5286 Fd Dantec Rhodamine B % Y67~ IE
it BT EAR 10 pm, %N 1.5 gomL ', i
RUEK 9530 nm, G KN 607 nme HFEARAHL
e Sk 10 A0 Af RN, 7E S 56 BRI AR ML 2 ] 22 3
ARI27L Bz 0883k, B Sk AR 9 127 mm, £EFE R
1200 mm, izt -0 /N T 0.1°, B i A R B
T 1%.

(a)

Ko
]
T ) | |
CCD Telecentric '..
Camera Lens

) 7

. T
[~ 100 mm | 300 mm

Spacer
Grid

(c) v

OOPOO
OOPOO
OO0GSO
O0000
00000

66.1 mm

66.1 mm

1 SEREIRE
() SEIRHEE, (b) FEAMALIA, (o) KR BUEMA
Fig.1 Schematic of experiment apparatus
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view of test section
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