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Random Response Analysis of PWR Fuel Rod Effect on Axial Flow

HUANG Heng, LIU Tong, ZHOU Yue-min
(Nuclear Fuel R&D Center, China Nuclear Power Technology Research Institute, Shenzhen 518026, China)

Abstract: Based on random vibration theory, the random response analysis method of
PWR fuel rods under axial flow was established. The fluid force along the axial of rod
was treated as a fluctuant random load, and the mode shape method and power spectrum
analysis method were used to derive the empirical formula of RMS response. This article
provides a theoretical analysis method which does not rely on the flow induced vibration
test of fuel assembly. The effects for the RMS response of fuel rods by the equivalent
velocity, turbulence intensity, and correlation length factor were discussed. The method
can meet the requirements of engineering analysis. The results show that the RMS
response of fuel rods will increase with the equivalent velocity, turbulence intensity and
the correlation length factor. The response is more sensitive to the equivalent velocity
and coefficient length factor changes, and linearly with the turbulence intensity. In the
operating condition of the pressurized water reactor (PWR), the RMS amplitude of fuel

rods is about micrometers.

Wi I :2013-12-13; & E H #:2014-01-12
EER N H EA986—), H, WIFEE A, By TR A 0 B A 3 J1 2 Rl



S B MEAE L ORI LE b VT A BE AL AR Sl BT 5 469

Key words: random response; fuel rod; flow induced vibration; axial flow

TE K HERZ HL 2l 1247 98] o DRRRORHER L AR
2y 5 | S 119 a7 45 ) S 408 BT A% v ol e T B Y
MORHRRCHL R oy T A A2 5 4 A S 85 P9 HE A
AP IR » T BUR MR BT Ak i i3+ or i 2%
IR P2 B8 19 77 35 20 M A RIAE 254 b 1 A
JrEA e M R MER . N H AT E A ST ST BUIR K
B SR BRE I0 r J7 YRR e K HEIR R 1 A7 I
PR3 14 73 A i DL SCHIR - K 22 BF 9 B SR P AR HAL 1
UL AR B 0 A R A R R . SCRRC L 18T
X R A 25 K SR P 2 38385 20 A J7 TE BE IS 1 &5 4
(R BEAIL IR 1 (H X b 75 325 i 25 RE A 45 K T2 X8
B AT S0k SCHRL 2 IR ATRE ML 3l BHLIE DL K 2 6
W T A B TAE BB T Xy
AR L o AR SCHE SCHRL 2 )75 % 10 e i b 285 45 468
AT HTHAR LB SCHR LT H i 2 R 3556 2 5
SR AR BEIE 1) 50 Br 75 25 A BF 58 He 7K SR AZORE # 7E
b ) AR T A9 BEBILIR Sl B 2% 08 ) e K o
KRR PFSE R FEHE N AB AT IR AT 21 S 2% AR SO
PR3 Bk F ) 2 3838 00 My 07 36— MR ST 1 £
ZRE TR EL AN R 15 B[] 0K 2 B R]
i TR T I 20K

1 REREHTRE

U 22 95 LA K SCHR L3 e AT I 9F 7 3R W 4R
PR R HE N s A7 i A b B A AR AR Bl R T R
PR 45 A 32 B X B R AR N .
AR SCABBLIRRIR (1912 B A 2 22 JA) v 40 590 )
TG I S5 A 2T AR B R T

MESHGIE I 7 Hs 7R HE SRR A ] JE g Joi
T 2 R (A 2 A L ph R 2L T R SR
0 HA M o7 55 R A [ E (P 1D & B8]
IABHLPE T S A o AR SO 25 TS S 541 ]
2R BSR4 Bl 1) S o DRI AR R AR 119
1525 A A A D A 1) Y 5 29 L [ 2 R AR
Ja P JE A% R 2Z 8] B AR iR B s B A, P L
Hs p T Q kS BRI, 5 R 2 1] 1 ik
fia) R 1] _E U 89 7

SR AT BROGT7 % K 08 4 R 45 A g ik 3
Jai LR 7 R AT R

Mz 4+ Cx + Kz = F() (D

Horr e ML CL K 73530 O &5 4 Joi o B L B2 e A

FEFE s 2 v oo 43 50 SRy JORAH e 4 4 4 1 Jon s
R AL I B 5 F (o) S R ) Tk 8 1 B L A
FT7 1 A il e (I 20

= L

|

A ;
idbked

NI
(EIINR -2 U P Y SR U ERS

Fig. 1 Contact between grid and rod
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Fig. 2 Vibration of single-span rod
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Table 1 Design parameters

of fuel assembly and reactor core
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Fig. 3 Simplified diagram of grid
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Fig. 4 5 mode shapes of fuel rod
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Fig. 5 Impact of axial equivalent velocity on response
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Fig. 6 Impact of turbulence intensity on response
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Fig. 7 Impact of correlation coefficient on response
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